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No guarantee can be accepted for the general validity of the calculation techniques described and
presented here. As previously, the configuring engineer is fully responsible for the results and the
subsequently selected motors and drive converters.
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09.99 1 Foreword

1 Foreword

This Application Manual for the new SIMOVERT MASTERDRIVES drive converter series is
conceived as supplement to the Engineering Manual and the PFAD configuring/engineering
program. Using numerous examples, it provides support when engineering complex drive tasks,
such as for example traction- and hoisting drives, winders etc. It is shown how to calculate the
torque- and motor outputs from the mechanical drive data and how to select the motor, drive
converter, control type and additional components. As result of the diversity of the various drive
tasks, it is not possible to provide detailed instructions with wiring diagrams, parameter settings
etc. This would also go far beyond the scope of this particular document. In some cases, the
examples are based on applications using previous drive converter systems and actual inquiries
with the appropriate drive data.

Further, this Application Manual provides information for specific applications, for example, using a
transformer at the converter output, accelerating time for square-law load torque characteristics
etc. This is supplemented by a summary of formulas and equations with units, formulas and
equations for induction motors, converting linear into rotational motion, the use of gearboxes and
spindles as well specifying and converting moments of inertia.

Your support is required in updating the Application Manual, which means improvements,
corrections, and the inclusion of new examples. This document can only become a real support
tool when we receive the appropriate feedback as far as its contents are concerned and inquiries
regarding the application in conjunction with the new SIMOVERT MASTERDRIVES drive
converter series.

This Application Manual is conceived as a working document for sales/marketing personnel. At the
present time, it is not intended to be passed on to customers.

Siemens AG 7
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2 Formulas and equations

Units, conversion

1 N =1kgm/s2 =0.102 kp
1kg

1w

I1Ws=1Nm=1J

1 kgm?2 =1 Ws3 = 1 Nms?
g =9.81 m/s2

Induction motor

force

mass

power

work, energy

moment of inertia

acceleration due to the force of gravity

n, = — 60 synchronous speed
P
fin Hz, nin RPM
p: Pole pair number, f: Line supply frequency
g=lo N slip
nO
f = NN slip frequency
nO
M [h
P=+/3 0 [@osgl) = —— shaft output
ot 9550 P
M = 9550tP torque
n
M in Nm, P in KW, n in RPM
N, — N .
M= M, torque in the range ng to n,
N, — N,
Mp: Rated torque, np,: Rated speed
V2
Mg, = (\7) (M gain stall torque at reduced voltage
Siemens AG 9
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2 Formulas and equations 09.99

f
My, = (T“)2 Mgain stall torque in the field-weakening range

V,,: Rated voltage, f,,: Rated frequency
Mstall n: Rated stall torque

RMS torque

The RMS torque can be calculated as follows if the load duty cycle is small with respect to the
motor thermal time constant:

The following must be true: Mrys < Mpermissible for S1 duty

~—+

time segments with constant torque M,;

t, power-on duration
t, no load time
K, reduction factor (de-rating factor)

Factor kg for the no-load time is a derating factor for self-ventilated motors. For 1LA5/1LA6 motors
it is 0.33. For 1PQ6 motors, 1PA6 motors and 1FT6/1FK6 motors, this factor should be set to 1.

Example

RMS

10 Siemens AG
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09.99 2 Formulas and equations

Comparison of the parameters for linear- and rotational motion

Linear motion Rotational motion
dv da
a=— [m/s?] acceleration =— [s72] angular acceler.
dt dt
ds . d¢ .
v=— = (aldt m/s]  velocit w=—=[alt [s1 angular velocit
" I [m/s] y o I [s7] g y
s= Ivmt [m] distance ¢ = J‘wmt [rad]  angle
m [kg]  mass J [kgm2] moment of inertia
F [N] force M [Nm] torque
F=ma [N] accelerating force M=J [Nm]  acceler. torque
P=FLv (W] power P=ML[& [W] power
W=F[ [Ws]  work W=M ¢ [Ws] work
W= % [v? [Ws]  kinetic energy W= % [D (30 [Ws]  rotational energy
Siemens AG 11
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2 Formulas and equations 09.99

Example : Relationships between acceleration, velocity and distance for linear motion

Acceleration a Area corresponds to velocity v

il

t
N
Velocity v Area corresponds to distance s
t
Distance s
t
12 Siemens AG
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Converting linear- into rotational motion

Example: Hoisting a load with constant velocity

F

S ¢ r

Vv
m

v
r
t

Y,
w=—

r
n=-%* ®0=—Y_[50

20T 20
¢=call
s=vll=¢lt
m
F=mlg
M=FI=mlyl

P=MR&=F¥=m¥
W=FB=M@P=mys

 a

velocity
roll radius
time

angular velocity

speed

angle
distance

mass moved
hoisting force
torque
power
hoisting work

2 Formulas and equations

[m/s]
[m]
[s]
[s71]

[RPM]

[rad]
[m]

[ka]
[N]
[Nm]
[W]
[Ws]

Siemens AG
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2 Formulas and equations 09.99
Example: Accelerating a mass on a conveyor belt with constant acceleration
— a, V
m
'% F
r
[ / w, a

a acceleration [m/s?]
r roll radius [m]
t accelerating time [s]

a .
a=— angular acceleration [s2]

r
v=all=alt velocity [m/s]
w=Y =gl angular velocity [s]

r
n= “ (60 = v (60 speed [RPM]

20T 20n

2
¢= aEtlz— angle [rad]
2
s=a Etl— = @ distance [m]
2 2

m mass moved [ka]
F =mla accelerating force [N]
M=FO=mM accelerating torque [Nm]
P=MLk=FL=mlaLy accelerating power [W]
W=FZ=M[[{= % nv? = % (2 [w® accelerating work [Ws]
14 Siemens AG
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Converting linearly moved masses into moments of inertia

The conversion is realized by equating the kinetic energy to the rotational energy, i. e.

Lo =lonwe and J =mi-Y)?
2 2 G

Example: Conveyor belt

2 Formulas and equations

—
m %
%
w=—
r
r J/ w
J=m? moment of inertia referred to the roll [kgm?]
m mass [ka]
r radius [m]
Example: Hoisting drive
L
\ w
r
2 V/F
2v
m w=2"
r
n | 1

J= % (nl1? moment of inertia referred to the fixed roll [kgm?]
m mass [kg]
r fixed roll radius [m]
Siemens AG 15
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2 Formulas and equations 09.99

Using gearboxes

j = Motor, gearbox ratio

nI oad

n gearbox efficiency

Referring moments of inertia to the motor shaft

i n
n Motor n Load
Gearbox
o - Jload . . 2
Jioad = 2 load moment of inertia referred to the motor shaft [kgm#4]
J7=J_ . +J_'L;d total moment of inertia referred to the motor shaft (without ~ [kgm?]
i

gearbox and coupling)

Referring load torques to the motor shaft
Example: Hoisting drive, hoisting and lowering with constant velocity

h

Q """"""""""""""" @ T l
Motor Gearbox
m
16 Siemens AG
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09.99 2 Formulas and equations

r roll radius [m]
F, =mlg hoisting force [N]
Migaa = MLY ¥ load torque at the roll [Nm]
ME, = '\_/Iload load torque referred to the motor shaft when hoisting  [Nm]
|y (energy flow from the motor to the load)
M .
M, = iload W) load torque referred to the motor shaft when lowering  [Nm]

(energy flow from the load to the motor)

Gearbox ratio for the shortest accelerating time with a constant motor torque

a) Mjgaq = 0, i. e., pure high-inertia drive without friction

J
. load —
| = load and |_2 - Jmotor

this means, that the load moment of inertia, referred to the motor shaft, must be the same as the
motor moment of inertia

b) Mjgag # 0, i. €., the drive accelerates against frictional forces

i = Mload +\/( Mload )2+ ‘]Ioad
M motor M motor ‘]motor

Siemens AG 17
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2 Formulas and equations 09.99
Using spindle drives
Guide m > v, a
| |
¥ \
Motor LAY MWW | D
; Sk
" i hsp .
motor !
n <
motor
\Y feed velocity [m/s]
hg, pitch [m]
D spindle diameter [m]
I spindle length [m]
Jginde = % 1785 qg)‘l M1ooo  spindle moment of inertia (steel) [kgm?]
m moved masses [kg]
Ny = LHSO motor speed [RPM]
tor h
P
h . .
_ P spindle pitch angle [rad]
agy =arctan—-—
S 7D
0= arctan hs, —q friction angle of the spindle [rad]
nbm W
n spindle efficiency
Qv = 8oy ﬁﬁ‘ angular acceleration - deceleration of the spindle [s2]
y y haj
Bou acceleration- deceleration of the load [m/sz]
Moy motor = It Wl 5 accelerating- and decelerating torque for the [Nm]
motor
Move = Jg s accelerating- and decelerating torque for the [Nm]
spindle
F,=m
o B accelerating- and deceleration force for mass m [N]
18 Siemens AG
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Horizontal spindle drive

Fr = mig Qv frictional force in the guide

We specific traversing resistance

Motor torque when accelerating

Mo = Mo + My, +(F, 4 F) 5 Tan(a, + )

motor b motor

Motor torque when decelerating

Mo = =My = Mg, + (-F, + Fo) 2 an(ar, + pISGn(=F, + )

motor Vv motor

Vertical spindle drive
Fy =mlg hoisting force

Motor torque when accelerating upwards

M

motor b motor

= My + Mygy +(Fy + Fy ) B lan(arg, + )

Motor torque when decelerating downwards

Mo = =My = Mg, + (-F, + F, ) 5 Tan(ag, + pISGN(-F, +Fy))

motor Vv motor

Motor torque when accelerating upwards

M =-M

motor

~ My, + (-F, + F ) Han(ag, - pISGN(-F, +F, )

b motor

Motor torque when decelerating downwards

M

motor Vv motor

= My + M+ (F, + Fy) o lan(arg, = )

Blocking occurred for a downwards movement for 0 > a g,

2 Formulas and equations

[N]

[Nm]

[Nm]

[N]

[Nm]

[Nm]

[Nm]

[Nm]

Siemens AG
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2 Formulas and equations 09.99

Accelerating- and braking time at constant motor torque and constant load torque

2 Orlh,,, (0°

t :60E(|v| - MZ

a
motor load

) accelerating time from 0 to Ny g [S]

_ 20, D
6OE(Mmotor + Mlgad)

or braking time from ny,5 to O [s]

Jin kgm2, M in Nm, ny,4x in RPM (final motor speed)

(moment of inertia and load torques converted to the motor shaft)

Accelerating time at constant motor torgue and for a square-law load torque

Example: Fan

n
Mload = Mload max mn )2
max
M +1
M
= T LD [n Y o m accelerating time from 0 to Ny ay [S]
6OQ/Mmotor |:I\/Iloadmax \/Nlmmor—l
Mload max

Jin kgm2, M in Nm, ny,4x in RPM (final motor speed)

Mmotor > Mioad max When accelerating, otherwise the final speed will not be reached.

20 Siemens AG
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09.99 2 Formulas and equations

Moments of inertia of various bodies (shapes)

Solid cylinder

3= L o2 = L apmt mo?
2 2

Hollow cylinder

R
"
1 2, .2 7i 4 4 3
J :EEanQR +r ):E[I]H)EQR -r*)[0
Thin-walled hollow cylinder
rm
o
J=mi’ =2 M pH 10°
(r=R=r,)
J in kgm?2
LR, Iy, dinm
m in kg
p in kg/dm3 (e. g. steel: 7.85 kg/dm3)
Siemens AG 21
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2 Formulas and equations 09.99

Calculating the moment of inertia of a body

If the moment of inertia of a body around the center of gravity S is known, then the moment of
inertia to a parallel axis A is:

>

J=Jg+mis?

Example: Disk, thickness d with 4 holes

‘J = ‘]disk without hole _4|1‘]Shole + rnwole |32)

O

° =pno3[%mm“—4m7—;mm4+r2mma;2)g
R

J in kgm?2
dr,R,sinm
m in kg

p in kg/dm3

22 Siemens AG
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09.99 2 Formulas and equations

Traction drives - friction components

For traction drives, the friction consists of the components for rolling friction, bearing friction and
wheel flange friction. The following is valid for the frictional force (resistance force):

Ry = mig v resistance force [N]
m mass of the traction drive [kg]
We specific traction resistance

If factor wi is not known, it can be calculated as follows:

2 D,
we =—[—-0u +f)+cC
F DEZHIr )

D wheel diameter [m]
Dy shaft diameter for bearing friction [m]
H, bearing friction coefficient

f lever arm of the rolling friction [m]
(o coefficient for wheel flange friction

Values for w. can be taken from the appropriate equations/formulas (e. g. /5/, /6/).

W)
)

Siemens AG 23
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09.99 3 Various special drive tasks

3 Various special drive tasks
3.1 Traction- and hoisting drives
3.1.1 General information

Traction drives

v
Basic traction drive
Travelling at constant velocity
Ry = mLg v drag force (this always acts against the direction of ~ [N]

motion, i. e. it has a braking effect)

m mass being moved (ko]
W specific traction resistance (this takes into account
the influence of the rolling- and bearing friction)
Mg = Ry [_B load torque at the drive wheel [Nm]
2
D drive wheel diameter [m]
P = E,V_D/m;X motor output (power) at maximum velocity [kW]
Y full-load, steady-state output
M . = Ma;d motor torque [Nm]
[
Siemens AG 25
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3 Various special drive tasks 09.99
Viax max. velocity [m/s]
n mech. efficiency

i = Mmoo gearbox ratio

My
Nootor e = | g\& motor speed at Vi a4 [RPM]
7 [D

Note:

For traction units used outside, in addition to resistance force Fyy, there is also the wind force
(wind resistance) Fyy;.

Fa = Au o wind resistance (wind force) [N]
Ay surface exposed to the force of the wind [m2]
Pl wind pressure [N/m?]
Accelerating and braking

_: 2 angular motor acceleration and -braking of the motor -2

ab,vmotor =1 @b,vmax GB g g [S ]
&y mex max. acceleration and braking of the traction unit [m/s2]
Mo,y motor = Jrmotor L6, motor accelerating- and braking torque for the motor [Nm]

N — motor moment of inertia [kgm?2]

B [0 J— accelerating- and braking torque for the load, Nm
Mb,vload - Jload O— . [ ]
[ referred to the drive wheel
Jioas = qu)Z moment of inertia of the linearly-moved masses, [kgm?2]
oal
2 referred to the drive wheel

26 Siemens AG
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09.99 3 Various special drive tasks

The component of other moments of inertia such as couplings, gearboxes, drive wheels etc., is
generally low, and can be neglected with respect to the load moment of inertia and the motor
moment of inertia. Often, the rotating masses are taken into account by adding between 10 and
20 % to the linearly-moving masses.

Motor torque when accelerating (starting torque):

1

Mmotor = Mbmotor +(Mbload + Mload) Ellﬁ [Nm]

Motor torque when decelerating (braking):

Mmotor == Ivlvmotor + (_ leoad + Mload)l) Eﬂr (regenerative Operation) [Nm]

1) If the expression in brackets should be > 0 for very low deceleration values, then the factor n
must be changed to 1/n (so that the deceleration component is not predominant).

When accelerating (starting) the drive wheels should not spin.

Force which can be transferred through a drive wheel:

Fr = Fahea LU frictional force due to static friction (stiction) [N]
Fines force due to the weight acting on the drive wheel [N]
L coefficient of friction for the static friction, e. g. 0.15

for steel on steel

Siemens AG 27
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3 Various special drive tasks

The following must be valid for the rotating masses if the accelerating forces are neglected:

S F.>F,

accelerating force for linear motion [N]

Fb = ml}‘omax

The maximum permissible acceleration is obtained as follows if all of the wheels are driven:

abmax <gu1

[m/s?]

Example of a traction cycle

Interval

Reverse

Interval

Forwards

ty

Regenerative operation

Siemens AG
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09.99 3 Various special drive tasks

Hoisting drives

Cable drum

Gearbox

Load

Principle of operation of a hoisting drive (single-cable)

Hoisting a load with constant velocity

F, =mly hoisting force [N]
m load [kd]
M. = Fy [_g load torque at the cable drum (it always acts in the [Nm]
same direction)
D cable drum diameter [m]
= Fy EVm3ax motor output at the maximum hoisting velocity [kW]
1o (steady-state full-load output)
M . = Mlﬁ;d motor torque [Nm]
[
Ve max. hoisting velocity [m/s]
n mechanical efficiency
i = Mnotor gearbox ratio
Iﬂldrum
Siemens AG 29
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3 Various special drive tasks 09.99

n =j Q\M motor speed at Vipax [RPM]
motor max 7i ED

Lowering the load at constant velocity

P = _ P D )] motor output (regenerative operation) [kwW]
motor 103
M o = % /] motor torque [Nm]

Acceleration and deceleration

Dy =1 By E-IZ— angular acceleration and angular deceleration of the  [s-2]
D motor
8 v max max. acceleration or deceleration of the load [m/s2]
My motor = Jmotor L by motor accelerating- or decelerating torque for the motor [Nm]
Jrvotor motor moment of inertia [kgm?]
_ Q' v motor accelerating- or decelerating torque for the load Nm
Mb,vload - ‘Jload B V [ ]

I referred to the cable drum

D inerti 2
Jioag = m[QE)Z load moment of inertia referred to the cable drum [kgm<]

Hoisting the load, motor torque when accelerating (starting torque):

1

M = Mbmotor +(Mbload + Mload) EI'E [Nm]

motor

Hoisting the load, motor torque when decelerating:

1

M = _Mvmotor + (_leoad + Mload) Ellﬁ [Nm]

motor
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Lowering the load, motor torque when accelerating:

Mmotor = _M

prmor * (~Mpiosg + Migea) E{Z (regenerative operation) [Nm]

Lowering the load, motor torque when decelerating:

Mmotor = Ivlvmotor +(leoad

+ M) ﬁ (regenerative operation) [Nm]
I

For hoisting drives, the influence of the masses to be accelerated (load and rotating masses) is
generally low with respect to the load torque. Often, these are taken into account by adding 10%
to the load torque.

Example of a hoisting and lowering cycle

v Hoisting Interval Lowering Interval
Vmax T
3 t
Sty < ty
VmaxT N e
IVIMotor _' ‘
IR | t
PMotor ‘
/ t
b |
Regen. op. /
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Selecting an induction motor

For traction- and hoisting drives, when selecting the induction motor, intermittent duty S3 can be
applied (power-on duration = 20 to 60%). Depending on the relative power-on duration and motor

type, the thermally permissible motor output is increased according to the following formula:

(L-t,)h

in; kw
P < Prmisse 1+ AT (for load duty cycles < 10 min; h, kg, refer to Catalog [kKW]
r M11)
Prermissible permissible output at the drive converter for S1 duty  [kW]
(control range 1:2)
t = PON PON = power-on duration
" 100%

Thus, for example, for a 4-pole 1LA6 motor, frame size 180 and 40% power-on duration, the
output can be increased by approx. 25% referred to Ppermissible- This value is used as basis for
the steady-state full-load output. When utilizing motors according to temperature rise class F, the
rated output can generally be used for Ppermissible-

For traction drives with high accelerating torques, the maximum torque is decisive when selecting
the motor. It must have an adequate safety margin to the motor stall torque, and at least:

M, > 13[M,

stall

Thus, even for line supply undervoltage conditions, safe, reliable operation is guaranteed. In order
to guarantee the correct functioning of the closed-loop control, 200% of the rated motor torque

should not be exceeded, i. e.:
M, S2IM, (for SIMOVERT VC)

max —

If acceleration and braking have a significant influence on the load duty cycle, the RMS motor
torque should also be calculated. The following must be true:

M2 O,
s = 2 M < M, (forload duty cycles < 10 min) [Nm]
t,+k, O,
M pam permissible torque demanded from the drive [Nm]
converter for S1 duty (e.g. control range 1:2)
t, time segments with constant torque M; [s]
t, power-on duration [s]
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K derating factor

t no-load time [s]

Factor ki for the no-load time is a derating factor for self-ventilated motors. For 1LA5/1LA6 motors
it is 0.33. This factor should be set to 1 for 1PQ6 motors, 1PA6 motors and 1FT6/1FK6 motors.

If the proportion of low speed duty within the load duty cycle cannot be neglected (e. g. a high
proportion of time is taken for accelerating and decelerating or longer periods of duty at low
speeds), then this must be appropriately taken into account. In this case, the arithmetic average of
the speeds within the cycle time T is generated, so that the appropriate reduction factor can be
taken from the reduction characteristic for S1 duty.

r]moi +nmoi
—‘ vA g [RPM]

2 1
+k, O,

n =

mot average t
e

‘nmi At N E‘ average motor speed in time sector tj (A: Initial value, [RPM]

I: Final value)

It is possible to also calculate the motor RMS current for a load duty cycle instead of MR for a
more accurate analysis and for operation in the field-weakening range. The following must be true:

Z(ImotiA-;lmotiE)z Eni

| fs = <| [A]
te + kf |]P perm.
lnotia ¥ Tooti & average motor current in time sector tj (A: Initial [A]
2 value, I: Final value)
l perm permissible current at the drive converter for S1 duty [A]

at Naverage (this is derived from the Mper S1 Curve;

for example, for 1PA6 motors, Iner=Imot n)

Refer to the next Section ,Selecting the drive converter to calculate the motor current.
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Selecting the drive converter

Traction drives

For acceleration and braking, the drive converter overload capability can be used for 60 s, as the
accelerating- and braking times are generally low. The induction motor current at the maximum
motor torque is approximately given by:

M motor max 1
~ 2 2 2 2 2
Inntormax~\/( M ) mln‘otorn Iun)l:kn+|,unq22 [A]
motor n n

ln rated motor magnetization current [A]
k,=1 for N < N constant flux range

n ) .
kK =—m forn_. >n field-weakening range

" n mot mot n g g
mot n

From approx. Mmot = 1.5 Mot n, Saturation effects occur in the motor current which can no
longer be neglected. This can be taken into account by linearly increasing the motor current in the
range from Mmot n t0 2 Mmot n (0% at Mmoot n, approx. 10% at 2 Mot n)-

When selecting the drive converter, in addition to the maximum motor current, the RMS motor
current, referred to the load duty cycle, must also be taken into account (in this case, kf must
always be set to 1). The rated drive converter current must be greater than or equal to the RMS
motor current within a 300 s interval. For a motor matched to the drive converter, this condition is
generally fulfilled. It may be necessary to make a check, for example, for induction motors with
high magnetizing currents and short no-load intervals.

For traction drives, vector control is preferable due to the improved control characteristics (e. g.
accelerating along the current limit) and also due to the improved immunity to stalling. Generally,
vector control is also possible, even when several motors are connected to a single drive
converter, as normally, the motors are similarly loaded.

Hoisting drives

For hoisting drives, the maximum induction motor current is calculated the same way as for
traction drives. The proportion of accelerating- and decelerating torques in the load torque is
generally low. Generally, the maximum motor current is only approximately 100 to 120 % of the
rated motor current. As hoisting drives must be able to accelerate suspended loads, it is
recommended that a higher safety margin is used between the calculated maximum motor current
and the maximum drive converter current. Depending on the accelerating time, the starting current
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should be approximately 150 to 200 % of the required motor current. Vector control is also
preferable for hoisting drives due to the improved control characteristics, and as it is possible to
impress a defined current when starting. A speed encoder improves the dynamic characteristics.
Further, the tachometer can be used to monitor the setpoint- actual values (to identify if the load
has dropped) .

Generally, holding brakes are used to hold a suspended load. In order that the load doesn't drop
when the brake is released, the motor must first develop an opposing torque to the brake. This
means:

« An appropriately high motor current setpoint is entered for closed-loop frequency control
(depending on the starting torque)

« The motor flux has been established (approx. 0.1 to 1 s depending on the motor size)
« Aslip frequency is specified for closed-loop frequency control

« Speed controller pre-control for closed-loop speed control if the load is to be held at zero
speed

For closed-loop frequency control, after the signal to release the brake has been output, a short
delay should be inserted before starting. This prevents the drive starting, in the open-loop
controlled range, against a brake which still hasn't been completely released. After the load has
been hoisted, the signal to close the brake is output at f;=0. The inverter is only inhibited
somewhat later when it is ensured that the brake has been applied. During this delay time, the
motor develops a holding torque as result of the DC current braking as f,=0.

slip T

Start of acceleration Inverter inhibit

Brake release signal

fy =0, brake

— Enable inverter, application signal

establish motor flux

Example for inverter enable, brake control and acceleration enable for a hoisting drive with closed-
loop frequency control.

Siemens AG 35
SIMOVERT MASTERDRIVES - Application Manual



3 Various special drive tasks 09.99

Dimensioning the braking resistor

When dimensioning the brake resistor, the motor output in the regenerative mode as well as the
load duty cycle are important. The maximum output in regenerative operation occurs when the
drive is braked at maximum speed. Thus, the max. braking power of the brake resistor is given by:

M rv ) rm
Pberax = Pbr motor max Ij7motor = e 95580 S |]7motor [kW]
1] votor motor efficiency

The maximum braking power of the brake resistor may not exceed the permissible peak braking
power. Further, the following must also be true:

V\-f-jr Pbroont.
.

W, :J'Pbrw Cdit braking energy for one cycle [kWs]
0

T cycle time (90 s) [s]

P cont. permissible continuous braking power [kW]

For cycle times greater than 90 s, for the condition

W _ o,

= ¥ br cont.
T

atime segment T = 90 s is selected from the load duty cycle so that the highest average braking
power occurs in that segment.

For traction drives, the following is obtained, for example, when braking from vp,55 to 0 within
time t

[KWs]

For hoisting drives, the braking power is constant when the load is lowered at constant velocity

Vmax-
F D%w
Pbr Weonst — H]_T lj] Ij7motor [kW]
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Thus, the braking power during lowering is approximately given by:

1 1
\Mr = I:?)chonst mi |j]b + tk + E |:ﬂv) [kWS]
t, accelerating time [s]
t, lowering time at constant velocity Viax [s]
t, decelerating time [s]
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3 Various special drive tasks

3.1.2 Traction drive with brake motor

09.99

This application involves a traction drive with brake motor (sliding-rotor motor). The motor is

operated at a crawl speed for positioning. When the limit switch is reached, the motor is shutdown,

and is mechanically braked down to standstill using the integral brake.

Drive data

Mass to be moved

Load wheel diameter
Specific traction resistance
Gearbox ratio

Mech. efficiency

Max. traversing speed

Min. traversing velocity (crawl velocity)
Max. acceleration

Max. deceleration

Rated motor output

Rated motor current

Rated motor torque

Rated motor speed

Motor efficiency

Motor moment of inertia
Coupling moment of inertia
Max. distance moved
Cycle time

Crawl operation time
Brake application time
Mechanical brake torque

m = 4200 kg
D =0.27m
Wg =0.03

i =18.2

n =0.85
Vmax =1.1m/s
Vmin =0.1m/s

ap max = 0.35 m/s2
ay max = 0.5 m/s2

P,  =2.3kw
Imotorn =6-2A

M, =154 Nm

N = 1425 RPM
Nmotor = 0.79

Jmotor = 0.012 kgm?2
Jk = 0.00028 kgm?
Smax  =3.377m
feycle =60s

tg =12s

tE =0.1s

38
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Constant velocity motion

Resistance force, load torque:
Ry =mig v
=4200[9.81[0.03=12361 N

Mload = I:W Eg

= 1236.1@0'22 =166.9 Nm

Motor output, motor torque:

_ Ry W, _ 12361011
™o pao®  085010°

M = My _ 1669
™o i 182085

=16 kKW

=108 Nm

Motor speed at Vi ax:

Mogtor max — I |:lhload max — [ G\M =182 G@ =1416 RPM
7.[D 7 [0.27

Motor speed at Vpyin:

n =i[nh

motor min load min

= Ymn B0 _ 10501080 _ 150 RPM
7i[D 7 [0.27

Calculating the motor torques when accelerating and decelerating

Angular acceleration and angular deceleration of the motor:

2

A roir =1 (B e =182 [0).35% =472s”

=182[05 EIL =674s”
027

ofh ofh

avnbtor =1 |}'\/max

Accelerating torque and decelerating torque for motor and coupling:

Mbmotor+K = (‘]motor + ‘]K) mbmotor

= (0.012 + 0.00028) [47.2 = 058 Nm

3 Various special drive tasks
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Mvmotor+K = (JI'T'DIOI' + JK) |EVI’T’K}IOI’

= (0.012 + 0.00028) [67.4 = 0828 Nm

Load moment of inertia referred to the load wheel:

D
Jload = mm_)z

= 4200 E{E) = 7655 kgnt

Accelerating torque and decelerating torque for the load:

M, 10a0 Jloadam 7655[—!% 1985 Nm

M

v load

a
= Jous E—I% = 7e3.55[-|i§—';1 = 2835 Nm

Motor torque when accelerating:

1
Mmotor = Mbmotor+K +(Mbload + Mload)[_ilﬁ

= 058 + (1985+ 166.9) [—l# 242 Nm

182[085

Motor torque when decelerating:

M =-M

motor

v motor +K + (_ leoad + Mload) |j|z

=-0828 + (—2835+166.9) sti; =-6.27 Nm (regenerative operation)

The highest motor torque is required when accelerating, namely 157 % of the motor rated torque.
The moments of inertia for the gearbox and other rotating masses have been neglected.

Accelerating time:

t, :\/"'1_3X:£:3_14S
A 035
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Calculating the maximum braking power

The maximum motor output in the regenerative mode occurs when the drive starts to decelerate
from the maximum motor speed.
motor v |]‘]I’T'DIOT max _ 6-27 D-416 _

M
Fi)r motor max — = =-093kW
9550 9550

Drive converter selection

For the highest required motor torque, a motor current of approximately:

M

- motor max \ 2 2 _12 2

Irnotormax~ ( M ) |llmotorn I,un)+|,un
motor n

is obtained.

The following is obtained with | ,, = 0.7 (assumption):

motor n

| e = \/ (%)2 [(622 - 072 [62%) + 072 [62° =82 A for t,=3.14 s

Selected drive converter:
6SE7018-0EA61

Py =3 kW; Iy n=8 A, Iy max=11 A
Closed-loop frequency control type
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Dimensioning the brake resistor

The brake resistor is used during deceleration (braking). As the braking characteristics are the
same for forwards as well as reverse motion, only forwards motion must be analyzed.

Velocity-time diagram for forwards motion

%
Forwards motion No-load interval
Vmax T
Motor powered-down
v . L Brake applied
min . : i
4‘ U
th [ ty tg ;i t
I g ty mech
T

Maximum distance moved:

Spax = 3377 M

Cycle time for forwards- and reverse motion:

t
=2 =30s
2

Time for operation at the crawl speed:

t,=12s (specified)

42 Siemens AG
SIMOVERT MASTERDRIVES - Application Manual



09.99 3 Various special drive tasks

Accelerating time from 0 to Vi

t,=314s

Decelerating time from Vi,,ax t0 Viyin:
¢ = Vinax ~ Vinin _ 11-01 _

, 2s
a\l max 05

When neglecting the distance travelled during the brake application time tg and the deceleration
time as a result of the mechanical brake t, mech, Smax IS given by the area in the v-t diagram:

Ve Vi Vi
Shax = ma; +Vmax |:ﬂk+ max2 o |:'ﬂv-'-vmin |:ﬂs

The travelling time at constant velocity vy, o IS given by:

v @ v +Vv_.
S ma; b max 2 min [ﬂv _Vmin [ﬂs
tk =

V

max

1108143 11401, ..o

3377 -

=03s
11
No-load time:
tp :T_ttotal = T_(tb +tk +tv +ts)
=30-(314+03+2+12)=234s

Max. braking power of the brake resistor when decelerating from vyax 10 Viyin:

R, =P B = 093079 = 0.73 KW

br W max br motor max

Min. braking power of the brake resistor when decelerating from vy, a5 t0 Vmin:

P — P B] _ Mrmtorv Ijhrmtor min |]7
brwmin — " br motor min motor 9550 motor
= M [0.79 = 0.067 KW
9550
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Braking diagram

P
br W . .
Forwards motion No-load interval
0.73kW 4
Deceleration
0.067 kW +
]
t
3.14s / 2s
03s
30s

Braking energy for one cycle (corresponds to the area in the braking diagram):

R + By wmin q = 0.73+0.067

W, = b'wmaxz ' 2 = 08 KWs

The following must be valid for the brake resistor:

P - 9% oo2rkws R

T 30 br cont.
With
P.
Py oot = 3_260 (with an internal brake resistor)

the following is obtained
360.027 = 0972 KW < B,

Thus, the smallest braking unit is selected with Poq = 5 kW (6SE7018-0ES87-2DA0). The internal
braking resistor is adequate.
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Thermal motor analysis

3 Various special drive tasks

Torque characteristics for forwards motion

motor

24.2 Nm

/

/

Forwards motion

10.8 Nm

No-load interval

10.8 Nm

/

2s
, | 1
< 314s —> = = 12s <— 2345 — >
03s \
-6.27 Nm
30s

The RMS torque is obtained from the torque characteristics:

Mo \/24.22 314 +108° (D.3+627° (2 + 108> [12
RMS 314+03+2+12+033[234

_ 120925
144

=12.05Nm
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Calculating the average speed

+N.. 1 n._. +n.

2 motE |:ﬂi Emmax |:ﬂb + nmax |:ﬂk +— 2 e |:ﬂv + nmin [ﬂs

n = =
rotor, average te + kf Eﬂp tb +tk +tv +tS + kf [ﬂp

‘nmotiA

1 1416 +128.7
5 1416314 +1416[0.3+ R — [(2+128.7(1,2

= =301 RPM
314+03+2+12+033[234

For a reduction factor of 0.8 (control range 1:5), a permissible torque is obtained as follows:
08M,,, = 080154 =1232 Nm

Operation is thermally permissible.

Calculating the distance travelled after the brake motor has been powered-down

When the traction unit reaches the limit switch at the crawl speed, the brake motor is powered-
down by inhibiting the drive converter pulses. The brake application delay time tg now starts
before the mechanical brake starts to become effective. The traction unit continues to move
without any motor torque and is only braked by the effect of drag and the mechanical efficiency.
After the brake is applied, it takes time t, jech to reach standstill.

v Motor shutdown
Vmin 1 .
Brake applied
4 /
Ve
s —T
E Sy
N
L t
=t —
=T
tv mech
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To calculate the distance travelled after the brake motor has been shutdown, a sub-division is
made into range 1 (deceleration due to drag and the mechanical efficiency) and range 2

(deceleration as a result of the mechanical brake).

Calculating the deceleration after shutdown (range 1)

The following is obtained with M,,o,=0:

Mmotor :0: _Mvmotor+K ( leoad Ioad)ﬁi
or
O = _(‘Jmotor + ‘]K) |]:lemotor - ‘]Ioad E{% |]:lemotor + Ivlloald Eﬂr

The motor angular deceleration is then given by:

M EQ 16692

load

A \imotor = = 182 085 =3735 S_2
I+ +d, Eg 0012 +000028+ 76550

and for the deceleration of the traction unit:

vl motor EB 3;-783;5

a, = =0277m/ §°

Distance travelled during tg:

1
S = Viin |:ﬂE _E@Vl [ﬂé

=01 [0).1—% [0.277 [01% = 00086 m

Velocity after tg:

v ~a, @, =01-027701=00723m/s

maxE T

Calculating the deceleration as result of the mechanical brake (range 2)

The following is obtained with M,,g:0r=-Mmech:

Mmotor = _Mmech = _Mvmotor+K +(_leoad

+ Mload)ﬁi
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SIMOVERT MASTERDRIVES - Application Manual

47



3 Various special drive tasks 09.99

and
_Mmech = _(ertor + JK) |]:YVZr’notor - Jload |:-il,%ljvamotor + Ivlload Eﬁr
The motor angular deceleration is then given by:
M+ M, O 38+1669 P>

Ty = L - 182 = 2194 5

Ve moter 085

oo + Ik + o 01 0012 +000028 + 76550, .
| .

and for the traction unit deceleration:

a
a,, = emo (D - 2194 D20 _ 6o ¢
i 2 182 2

Deceleration time as the result of the mechanical brake:

. ZVe J00723_ 0,
e, 1627

Distance travelled during deceleration caused by the mechanical brake:

Ve B en  00723[0.044
2 2

=0.0016m

S,

As the mechanical brake is only applied after a delay time tg, the traction unit travels a total
distance of

Sees = S +§, = 00086 +0.0016 = 001 m=10 mm

This load-dependent distance must be taken into account by the positioning control.
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3.1.3 Hoisting drive with brake motor

3 Various special drive tasks

This application involves a hoisting drive with brake motor (shift-rotor motor). Positioning is

realized at the crawl speed.

Drive data

Mass to be moved

Intrinsic mass

Cable drum diameter
Gearbox ratio

Mech. efficiency

Max. hoisting velocity

Min. hoisting velocity (crawl velocity)
Max. acceleration

Rated motor output

Rated motor current

Rated motor torque

Rated motor speed

Motor efficiency

Motor moment of inertia
Coupling moment of inertia
Max. hoisting height

Cycle time

Crawl time

Brake application time
Mechanical brake torque

my = 146 kg

Mg =66 kg

D =0.1m

i =20.5

n =0.85

Vmax = 0.348 m/s
Vmin = 0.025 m/s
amax = 0.58 m/s2

P, = 1.05 kW
Imotorn = 3-8 A

M, =7.35Nm

nn = 1365 RPM
Nmotor = 0.75

Jmotor = 0.0035 kgm?
Jk = 0.00028 kgm?
hmax =0.8m

teycle  =90s

tg =04s

te =0.04s
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Hoisting the load with constant velocity

Hoisting force, load torque:

Fe =(m +m) g
= (146 + 66) [9.81 = 2079.7 N

Mload = I:H Eg

=2079.7 Boz—l =104 Nm

Motor output, motor torque:

o = Fuy 2079700348 _ o0

™ pao® 085010°
M =M 104
™ iy 205085

=597 Nm

Motor speed at Vi ax:

n =i = E—I\% = 205 '3450?0 = 1362 RPM
Ti 7i ,

motor max load max

Motor speed at Vpyin:

=i Ymin B0 _ 55 PO25M60 _ o 5 po
5i[D 7i 01

n =i[h

motor min load min

Lowering the load at constant velocity

Motor output, motor torque:

_ R 2079.7[0.348

Poor =~ 73 =~ 3 [0.85 = -0.615 kW (regenerative operation)
10 10
M oo = M,"’ad h = 104 h85= 431 Nm
| 205
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Calculating the motor torques when accelerating and decelerating

Motor angular acceleration:

2

a =i[& E—Ig =205[05803— =2378s"
D 01

motor max

Accelerating torque for motor and coupling:

Mbmotor+K = (‘]motor + ‘JK) ijmotor
= (0.0035+ 0.00028) [237.8 = 0899 Nm

Load moment of inertia referred to the cable drum:

‘Jload = (rnl_ + rnE) mg)z

Obyo _ 053 kgt

= (146 + 66) [{ 5

Load accelerating torque:
él motor
i

=053 378 _ 615 Nm
205

Mpioads =9

load

As deceleration is the same as acceleration, the following is true:

Mvmotor+K = Mbmotor+K

M, e = My ad

Hoisting the load, motor torque when accelerating:

1

Mo = Mumorsk ¥ (Mpieag ¥ Migg) EI'E

— 0899 + (615+104) —~ = 7.22 Nm
205085

Hoisting the load, motor torque when decelerating:

1
+ (_leoad + Mload) El—

M = _Mvmotor+K | |]7

motor

3 Various special drive tasks
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= -0899 + (—615+ 104) [—I# =4.72 Nm

M motor
205085

Lowering the load, motor torque when accelerating:

Mmotor = _Mbmotor+K + (_Mbload + Mload) ﬁl
= -0899 + (—615+104) B(Z)Oig =316 Nm (regenerative operation)

Lowering the load, motor torque when decelerating:

Mmotor = Mvmotor+K + (leoad + Mload) ﬂl
=0899 + (615+104) Bgoig =547 Nm (regenerative operation)

The highest motor torque is required when accelerating and hoisting the load, namely 98 % of the
rated motor torque. The highest motor torque in regenerative operation is required when
decelerating the drive while the load is being lowered.

Calculating the maximum braking power

The maximum motor output in regenerative operation occurs when the drive starts to decelerate
from the maximum motor speed while the load is being lowered.

P - Mmotor v |]]motor max - _ 547 D-362 - _O 78 kW
br motor max 9550 9550 A

Selecting the drive converter

The highest required motor torque approximately corresponds to the rated motor torque. An
appropriate overload capability is required to start the hoisting drive, i. e. the drive converter
should be able to provide approximately double the rated motor current as Iy yax-
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Selected drive converter:

6SE7016-1EA61
Py n=2.2 KW; Iy ;= 6.1 A; Iy max=8.3 A
Closed-loop frequency control type

Dimensioning the brake resistor

The brake resistor is used when the load is lowered.

Velocity-time diagram for hoisting and lowering

3 Various special drive tasks

v Hoisting No-load interval  Lowering No-load interval
Vmax T
Vimin - 7
Vmin T
ttotal
Vmax T
-

Maximum distance travelled when hoisting and lowering:

ho =08mM

Cycle time for hoisting and lowering:

T =ty =90s
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Time when the drive operates at the crawl velocity:

t,=04s (specified)

Accelerating time from 0 to Vi

Decelerating time from Vi,ax t0 Viyin:

Viex ~ Viin _ 0348~ 0.025
a 058

max

=0557s

tvl =

Deceleration time from vy, to O:

From the area in the v-t diagram, hyy,ax is given by:

+v . v [
hmax = Vmax [ﬂb +Vmax |:ﬂk + Vmax me |:ﬂvl +Vmin [ﬂs + Ll
2 2 2
The unit travels at constant velocity Va4 for:
+V_ Vi
hmax - Vmax [ﬂb - Vmax me |:ﬂvl _Vmin |:ﬂs —
t = 2 2 2
k
Vmax
+
08— 0348[06 0.348+0.025 D557 — 002504 — 0.02500.043
= 2 =167s
0.348
Thus, the total travelling time for hy, 54 is given by:
1:total :tb+tk +tv1+ts+tv2
=06+167+0557+04+0043=327s
54 Siemens AG
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Max. braking power rating while accelerating from 0 to v ax:

_ _ M motor b Ijhr’r‘o’[or max
R)era O-Va) Fi)r motor Max (0 - Vi) |]7r’r‘|o’[or - 9550 |]7motor
= 3165362 175 = 0338 KW
9550

Braking power while travelling at constant velocity, Vi,ax:

M I con o) rm
PbrWoonst (V=Vinax) = I:?::r motor const (V=) Ij7motor = e 609;50 o |]7motor
_ 4310362 1 oe 046 kW
9550

Max. braking power while decelerating from v« 10 Vipin:

M motor v Ijhmotor max
I:i)r W max (Vinax = Vinin) = I:i)r motor MaX (Viyax = Vimin) |]7motor = 9550 Ij7motor
= 247H892 1475 - 0585 kW
9550

Min. braking power while decelerating from viax t0 Vimin:

M o O
R =R

br Wmin (Vi — Vinin) br motor min (Vs = Vinin) D7motor = mt0f9\/55(;ﬂ° s D7mc>t0|r
- 5471979 [0.75 = 0.042 kW
9550

Braking power while travelling at constant velocity viin:

— _ Mrmtor const |]-]r’notor min
I:i)r W const (V=Vin) - I:iJr motor const (V=Vi,) B7motor - 9550 D7motor
= 4310979 [0.75= 0.033 kW
9550

Max. braking power while decelerating from vy, to O:

M (h
_P f—

P motor v motor min
br W max (Vygi, - 0) ~ T br motor max (Vi - 0) |]7motor - Ij7motor

9550
= F'?)r motor MiN (Ve - Virin) B?motor = 0.042 kW
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Braking diagram

Porw Hoisting Interval Lowering Interval
0.585 KW +
Constant velocity (V=Viax)
0.460 kW + i Deceleration
0.338 kKW —+ /
Acceleration
Constant vel. (V=Vpin)
0.042 kW | ’ ' /Deceleration
0.033kwW T : ;
0 - 0
=065 1.67s / ‘ / ‘ t
0557s 0.4s | 0.043s
<—— 3275 ————>
90 s

Braking energy for one cycle (corresponds to the area in the braking diagram)
Precise calculation:

1 Pberax(V = Virin)
var - _EbeWmBX(OHVmax) |:ﬂb + Pbchonst(V:Vmax) [ﬂk *

2

+R

br W min (Viax = Vimin)
|:ﬂvl
2

1

+R +§ER3erax(vmmAO) |:ﬂvz

br W const (v=v;,) —'s

- % 0338006 + 046167 + O'SSLZO'W (D557

+0.033[04 + % [0.042 [0.043 = 1058 kWs

In this particular case, the following estimation can be made:

var = I:?)chonst (V=Vimax) th + tk) + Pbchonst (V=Vpin) D]S

=~ 046[{0.6 + 167) + 0.033[0.4 = 1057 kWs
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The following must be valid for the brake resistor:

Wy _ 1057 0012 kW < B,
T 0 '
With
— PZO . . . .
B cont. = 36 (with internal braking resistor)

the following is obtained

36[0.012 = 0432 kW < P,

Thus, the smallest braking unit is selected with Pog =5 kW (6SE7018-0ES87-2DA0). The internal
brake resistor is adequate.

Thermally checking the motor

As the motor is only subject to a maximum load of approx. rated torque, and is only powered-up
for approx. 7 s from a total of 90 s, a thermal analysis is not required.

Positioning error as result of the brake application time tg

After the brake motor is powered-down by inhibiting the drive converter pulses, there is first a

brake application delay time tg before the mechanical brake becomes effective. The drive is
shutdown at f;=0 and n=0 (the slip speed is neglected). The load drops, accelerating due to its

own weight, as there is no opposing motor torque. After the brake has been applied, standstill is
reached after time t, mech-

\Y; tvmech

ol
o~ T

Motor

powered-down

Sg
_V T
max E \

Brake applied
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09.99

The positioning error calculation is sub-divided into range 1 (acceleration due to the load itself) and

range 2 (deceleration due to the mechanical brake).

Calculating the acceleration caused by the load itself (range 1)

For Mpmotor=0:

Mmotor = O: _Mbmotor+K +(_Mbload + Mload) Eﬁr
and
O: _(Jmotor + JK) |]2’br’r‘|otor - ‘]Ioad an + Ivlload E!l

i 2 b motor

[
The motor angular acceleration is then given by:

M [ﬂ 10428

load

T sor = EQ = 205 g =889s”
e + Iy +dg 0L 00035+ 000028 + 0530~
2 2052

and for the load acceleration:

a
ab:ﬂgg 88990—1 217m/ &
[ 2 205

The distance moved while the system accelerates due to the load:

@b 12 ZEE.?_17BDO42 =00017m

Velocity after the brake application time has expired:

=a, [ =217[0.04=0087m/s

Calculating the deceleration as result of the mechanical brake (range 2)

For Mmotor=Mmech:

Mmotor = Mmech = Mvmotor+K +( vload Ioad) EQ

and

Mmech = (‘Jmotor + ‘] )mvmotor ‘]Ioad %wvmtor + Mload ﬂl
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The angular deceleration of the motor is then given by:

M - M, O 145-10412%°
Q' motor = I = 205 085 = 2100 S_2
I +3 +] Bg 0.0035+0,00028 + 053~

and the deceleration of the load itself:

a
a, = o () - 2O DL g1omy ¢
i 2 205 2

Delay time as result of the mechanical brake:

Viace _ 0087
vieen = — o =——-=0017's

a, 512

t

Distance moved during the delay caused by the mechanical brake:

Viace By meen _ 0.087 [0.017

> 0.00074 m

S/:

Due to the delayed application of the mechanical brake after the brake motor has been powered
down - time tg - the load moves a total distance of

S = S TS, =0.0017 +0.00074 = 0.00244 m= 2.44 mm

downwards. This load-dependent positioning error must be taken into account by the positioning
system.
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3.1.4 High-bay racking vehicle

This application involves a high-bay racking vehicle with traversing drive, elevating drive and
telescopic drive. In this case, only the traversing- and elevating drives are investigated. 1PA6
compact induction motors are to be used.

Traversing drive

Drive data

Mass to be moved m = 5500 kg
Load wheel diameter D =0.34m
Specific traction resistance WE =0.02
Gearbox ratio i =16

Mech. efficiency n =0.75

Max. traversing velocity Vmax = 2.66 m/s
Max. acceleration amax = 0.44 m/s2
Max. traversing distance Smax —42.6m
No-load interval after a traversing sequence tp =10s

Traversing at constant velocity

Resistance force, load torque:
Ry =miy D
=550009810.02 =10791 N

Miad = Fw[‘E

2
= 1079.1Bo'zﬁ =18345 Nm
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Motor output, motor torque:

_F, V. _10791(2.66
Mo T p0°  0.75010°

M= M o 18395 1000 Nm
i 16075

= 383 kW

Motor speed at Vi ax:

=i Ve B0 _ 15266060 _ 5201 pom
7. [D 7. [0.34

n =i[h

'motor max load max

Calculating the load torques when accelerating and decelerating

Angular acceleration of the load wheel:

2 2

Qg = Qe 3— = 0443— =259 s*
D 034

max

Load moment of inertia referred to the load wheel:

D
‘Jload = mmE)z

= 5500 qu'—g"‘)2 = 158,95 kgn?

Load accelerating torque:
Mpioad = Jicad L 10ag
=15895[259 = 4114 Nm

As deceleration is the same as acceleration, the following is true:

M, e = My ad

Motor selection

3 Various special drive tasks

The following motor is selected (refer to Calculating the motor torques):

1PA6 103-4HG., P=7.5 kW, M;=31 Nm, n,=2300 RPM, [,=17 A, 1,=8.2 A

Jinotor=0-017 kgm2, nmotor=0.866
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Calculating the motor torques when accelerating and decelerating

Motor accelerating- and decelerating torques:

Mbmotor = Mvrmtor = ‘]motor |]JIoad [ﬂ
=0.017[259016 =0.704 Nm
Motor torque when accelerating:
1
Mmotor = Mbmotor +(Mbload + Mload) El—
Iy
=0.704 + (41138 + 18345) Eli =50.27 Nm
16[0.75

Motor torque when decelerating:
Mmotor = _Mvmotor + (_leoad + Mload) ﬂl

= -0.704 + (-411.38 + 18345) Boll: =-1139 Nm (regenerative operation)

The highest motor torque is required when accelerating, namely 162 % of the rated motor torque.
The moments of inertia of the gearbox, coupling, brake and other rotating masses have been
neglected.

Accelerating- and decelerating time:
v

o, < Vs - 266
a. 044

max

6s

Investigating the condition so that the wheels do not spin when starting

The following must be true so that the drive wheels don’t spin when starting:

ZFR>Fb

Whereby:
F, =ml&, ., =550000.44 = 2420 N (accelerating force)
62 Siemens AG
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For two axes where one is driven, and when assuming that the driven axis carries half of the
vehicle weight:

Z Fr = % iy L = % [(55009.81[015=4047 N (sum of the frictional forces)

Thus, the above condition is fulfilled.

Calculating the maximum braking power

The maximum motor output in regenerative operation occurs when the drive starts to decelerate
from the maximum motor speed.

P — M motor v Ijhrr‘otor max _ _ 11392391 = -285 kW
br motor max 9550 9550 :

Selecting the drive converter

For the highest required motor torque, the approximate motor current is given by:

M 1
- motor max 2 2 _12 2 2
Imotormax"'\/( M ) mlrmtorn I,un)l:kn-l_lynEIEz

motor n n

Mot max 2391
k = = =1,0396 field kening fact
. n_ 2300 1 ield weakening factor

With INn =82 A, the following is obtained:

50.27 1
| = [((—)? Q17° -82°) 24+82°F——— =263A forty,=
rotor max \/( 31 )’ 8.2°)[1.0396° + 8 {03067 6.3 or ty=6 s

Selected drive converter:

6SE7022-6EC61
Py n=11 kKW; Iy, 1=25.5 A; Iy nax=34.8 A
Closed-loop speed control
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Dimensioning the brake resistor

09.99

The brake resistor is used during deceleration. As the braking characteristics are the same for

both forwards- and reverse motion, only forwards motion has to be investigated.

Velocity-time diagram for forwards motion

\Y;
Forwards motion No-load interval
Vimax T
=ity ty ty < tp—] t
ttotal
“Vmax T —
T

t,= 10s
t,=t,=6s
Smax = 42.6M

Thus, the total time for the maximum travel (distance) is obtained as follows:

:z[ﬂb + Sax ~ Vimax |:ﬂb

\Y/

N 42.6- 26606 _
2.66

1:total

=206 22s

Time for traversing at constant velocity:

t, =ty — 2, =22-206=10s

total

64
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Cycle time for forwards- and reverse travel:

T =ty +t, =22+10=32's

Maximum braking power for the brake resistor:

F)berBX = Pbl’ motor max D?motor D?Inv = 2'85 m'866 m’98 = 2'42 k\/\/

Braking diagram

br w
Forwards motion No-load interval

242 kW +

- Deceleration

—16 s<<10 s>

225 —— >

32s

Braking energy for a cycle (corresponds to the area in the braking diagram):

1 1
W, =-[R [t =§E2.42E6:7.26KWS

2 br Wmax —v

The following must be valid for the brake resistor:

W, 726
?b =5 = 022TKW SR, o
With
— I:)20 . . .
Porcont, = 26 (with an internal brake resistor)
Siemens AG 65
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the following is obtained

360227 =817 kW < P,

Thus, a braking unit is selected with Pog = 10 kW (6SE7021-6ES87-2DA0). The internal brake
resistor is adequate.

Thermally checking the motor

Torque characteristic for forwards motion

Forward motion No-load interval

motor /

15.29 Nm

/

6s <105

= 65 < 10s —f t

/

-11.39 Nm

32s

The RMS torque is obtained from the torque characteristic as follows:

_ \/50.272 [6+1529° [10+ 1139 (6
M RMS

6+10+6+10
_ [182787
23

=239 Nm
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The calculated RMS torque is lower than the rated motor torque with 30 Nm. Thus, operation is
thermally permissible. When calculating the RMS value, the slight field-weakening range is
neglected.

Elevating drive

Drive data

Mass to be moved m = 1350 kg
Load wheel diameter D =0.315m
Gearbox ratio [ =63.3
Mech. efficiency n =0.7

Max. elevating velocity Vmax = 0.6 m/s
Max. acceleration amax = 0.6 m/s2
Max. height Pmax =6m
No-load interval after elevating or lowering tp =8s

Elevating the load at constant velocity

Elevating force, load torque:

F, =mlg
=1350(9.81=132435N

Mload = I:H Eg

=132435 '3;15 =20859 Nm
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Motor output, motor torque:

, _F ngax _ 132435 [3(1).6 1135 KW
7m0 07010

v = M _ 20859
™o T i 633007

=471 Nm

Motor speed at Vi ax:

= e 00 _ 25506060 _ o0 pom

=i[h
load max 7D 7. 0315

n

motor max

Lowering the load at constant velocity

Motor output, motor torque:

_ R 132435[0.6

P =—-_H _mxpp-_ 7" T MD7 = -556 kW regenerative operation
otor 10° ) 10° (reg P )
M 20859
M = —lad = [0.7 = 2307 Nm
motor i & 633

Calculating the load torques when accelerating and decelerating

Angular acceleration of the load wheel:

ot = A £ =060-2—=381s”
D 0315

Load moment of inertia referred to the load wheel:
D
J . =m—)?
load Eﬂ 2 )
0.315
2

=1350[( )? = 3349 kgn?
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Load accelerating torque:

Motoad = Jioad 1 1a
=3349[B81=12758 Nm

As deceleration is the same as acceleration, the following is true:

M, e = My ad

Motor selection

The following motor is selected (refer to Calculating the motor torques):

1PA6 103-4HG., Py=7.5 kW, M;=31 Nm, n,=2300 RPM, 1,=17 A, 1,=8.2 A
Jinotor=0-017 kgm2, nmotor=0.866

Calculating the motor torques when accelerating and decelerating

Accelerating- and decelerating torque for the motor:

Mbmotor = Mvmotor = ‘Jmotor |]:Iload [ﬂ

= 0017381633 =41 Nm

Elevating the load, motor torque when accelerating:

M

motor

1
= Myioor ¥ (Mpioag + Migag) EI'E

1
= 41+ (12758 + 20859) G——— = 54.
41+ (12758 + 20859) 533007 54.05 Nm

Elevating the load, motor torque when decelerating:

1

M =-M +(-M + M O0—
motor Vv motor ( vload Ioad) | |]7
1
=41+ (-12758 + 20859) ——-—==401 N
( ) 3307 m
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Lowering the load, motor torque when accelerating:

Mmotor == Mbmotor

+ (_Mbload + Mload) ﬂl
0.7 . .
= -41+ (—12758 + 20859) B63_3 =1755Nm (regenerative operation)

Lowering the load, motor torque when decelerating:

Mmotor = Mvmotor +(leoad + Mload) ﬂl
0.7 . :
=41+ (12758 + 20859) G62_3 = 2858 Nm (regenerative operation)

The highest motor torque is required when accelerating, while elevating the load, namely 174 % of
the rated motor torque. The highest motor torque in regenerative operation is required when
decelerating while the load is being lowered. The accelerating- or decelerating component in this
case is low with respect to the load torque. The moments of inertia for gearbox, brake and
coupling have been neglected.

Accelerating and decelerating time:

Calculating the maximum braking power

The maximum motor output in regenerative operation occurs when the drive starts to decelerate
from the maximum motor speed while the load is being lowered.

. M
br motor max 9550 - 9550

)
motor v motor max  _ 2858 DZBOB = —689 k\N

Drive converter selection

For the highest motor torque, the approximate motor current is given by:

Mmotormax 2 2 2 2
Imotormax:\/(—) |]Ir’r‘otorn_Iun)-l_l,un

M motor n
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With INn =82 A, the following is obtained:

54.05
Ir’notor max = \/( )2 EQ172 - 822) + 822 =272 A

31

5% is added for saturation effects, so that a max. motor current of 28.5 A is obtained.

Selected drive converter:

6SE7022-6EC61

Py n=11 KW; ky 1=25.5 A; Iy max=34.8 A

Closed-loop speed control

Dimensioning the brake resistor

The brake resistor is used when lowering the load.

Velocity-time diagram for elevating and lowering

fortp=1s

3 Various special drive tasks

Elevating No-load Lowering No-load
interval interval
\" 4
max
ttotal
— ty t K — tp —
=ty ty < tp—=
ttotal
-V 4
max
T

t,=8s

t,=t,=1s

ho. =6M
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Thus, a total time is obtained for hy5x:

lio = 20, + hmax Ve [
max

:2ﬂ+6—0.6EI.:

11s

Time for travel at constant velocity:

t, =ty 20, =11-20=9s
Cycle time for elevating and lowering:

T =2ty +1t,) =2[{11+8) =385

Max. braking power for the brake resistor when decelerating:

F)berBXV = Pbl’ motor max v D?motor |]7|HV = 6'89 m'866 m'98 = 5'85 kW

Max. braking power for the brake resistor when accelerating:

motor b motor max
I:iJeraxb - I:)br motor max b |]7motor Ij7Inv - |]7motor Ij7Inv

9550
_1755[2303

) 98 = kw
9550 [0.866 [0.98 = 359

Braking power for the brake resistor when travelling at constant velocity:

Rﬁ)f W const = br motor const B]motor |]7|HV = 556 @866 [ﬂ)98 = 472 kW

09.99
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Braking diagram

P .
br w Elevating Interval Lowering Interval
5.85 kW -+ Constant velocity
/
472 kW T i1\ Deceleration
359 kW - Acceleration /
~~
11s 8s=ls 9s 1s[<—8s—=> t
11s
38s

Braking energy for a cycle (corresponds to the area in the brake diagram):

var ZEEP |:ﬂb + PbchonsI |:ﬂk +%EP

2 br W max b br W max v

Hi

v

=%[359EI.+ 4.72[9+%[5.85EI.: 472 KWs

The following must be valid for the brake resistor:

W, 472
—=——=124kKW< P
T 38 br cont.
With
—_ PZO .
P cont. = 5 (for an external brake resistor)

the following is obtained
450124 =558 kW < B,

Thus, a braking unit is selected with Pog = 10 kW (6SE7021-6ES87-2DA0), with an external brake
resistor (6SE7021-6ES87-2DCO0).
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Thermally checking the motor

Motor characteristic when hoisting and lowering

Elevating No load Lowering No load
motor interval interval
54.05 Nm
/ 47.1 Nm B
] / 40.1 Nm
i 28.58 Nm
17.55 Nm 23'07 Nm
A
{15 9s /51326839155\ 9s 1si<—8 s> t
11s : 11s
38s —

The RMS torque is obtained from the torque characteristic:

M. = 54.05° 1+ 471° 9+ 401° [1+1755° 1+2307° [ +2858° 1
RiS T 2[(1+9+1+8)

_ (30410
"\ 38

=283 Nm

The calculated RMS torque is less than the rated motor torque with 31 Nm. Thus, operation is
thermally permissible.
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Using a rectifier/regenerative feedback unit with inverters

As an alternative, instead of using 3 drive converters with braking units, a multi-motor drive system
can also be configured using a rectifier/regenerative feedback unit, DC bus and 3 inverters.

Selecting the rectifier/regenerative feedback unit

The low output of the telescopic drive with respect to the traversing- and elevating drive, can be
neglected when dimensioning the rectifier/regenerative feedback unit, as the telescopic drive is
always operational just by itself. On the other hand, the traversing- and elevating drive can operate
simultaneously. When selecting the rectifier/regenerative feedback unit, it is assumed, that under
worst case conditions, when accelerating, the maximum power and therefore the maximum DC
link current of both drives occur simultaneously.

Maximum motor power and maximum DC link current for the traversing drive:

P _ M motor max traverse |]'lmax traverse __ 5027 |:?_391

motor max traverse =1259 kw
9550 9550

Pmo or max traverse 125910°
l DClink max traverse — t t = =2747 A
u ZK D7motor traverse D7inv 13514000866 [0.98

Max. motor power and maximum DC link current for the elevating drive:

P _ M motor max hoist mmax hoist — 5405 E?_303

= =1303 kW
motor max hoist 9550 9550

Pmo or max hoi 1 D. 3
| Dciink max hoist = t i = 303110 =2843 A
U DClink |]7r’notor hoist Ij7inv 135 moo [(D866 [ﬂ)98

Thus, the maximum DC link current is given by:
l DClink max total = I DClink max traverse + I DClink max hoist = 2747 + 2843 = 559 A

Selected rectifier/regenerative feedback unit:

6SE7024-1EC85-1AA0
Pn=15 kW; Ipc jink n=41 A; IpC link max=56 A
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Selecting the regenerative feedback transformer

When selecting the regenerative feedback transformer, the RMS DC link current for the
rectifier/regenerative feedback unit is calculated in the regenerative mode. Previously, to
dimension the braking resistors, the braking powers Py, \w=Ppr D link in the DC link, were already
calculated for the traversing- and elevating drive. In this case, the inverter efficiency was
neglected. Thus, the calculation is on the safe side. Using the equation

| _ Py baink
DClink gen —
VDCIink

the RMS value in regenerative operation is obtained:

| _ R)r DClink RMS
DClink genRMS — V.
DClink

The RMS value of the DC link braking power is obtained with the braking powers Py, \y, specified
in the brake diagrams for the traversing- and elevating drive:

1 1 1
3 [2.42° [6+ 3 [B59° 1 +4.72° D+ 3 [5.85° [1
Py ociink rvs = 38 =245 kw

To calculate the RMS value of the non-constant segments, the following equation is used.
i+l

1
J-bew Leit = :__,,mPtiWi + Pl)2rWi+l + Bywi (Rywis) (A,
i
The cycle time for the elevating drive, 38 s, was used as time interval.

The following is now obtained for the RMS value of the DC link current:

I ocink gen RS = =434 A

The permissible RMS value is as follows for a regenerative feedback transformer with 25% duty
ratio:

25
I ociink rvis permissbie = | pctink n (092 100 = | pgiink n (046 = 41046 = 1886 A

Thus, a regenerative feedback transformer 4AP2795-0UA01-8A with a 25% duty ratio is sufficient.
In addition, a 4% uy line reactor 4EP3900-5US is required.
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3.1.5 Hoisting drive for a 20 t gantry crane

This application involves a four-line hoisting unit with 2 cable runs. The test load is 25 t.
Previously, a 6-pole wound-rotor motor (US: slipring motor) was used, directly connected to the
line supply with P,,=21.5 kW, this has now been replaced by a 6-pole induction motor with

P=22 kW.

Cable drum

Hoisting unit data

Cable drum diameter
Gearbox ratio

Gearbox efficiency
Permissible load

Test load

Accelerating time, decelerating time
Rated motor output
Rated motor torque
Rated motor speed
Motor moment of inertia
Maximum hoisting height

Load

3 Various special drive tasks

=0.6m
=177
=0.9
=20t
=25t
=10s
=22 kW
=215 Nm
=975 RPM
= 0.33 kgm?
=5m
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Hoisting the load at constant velocity
Hoisting force and load torque at the cable drum:

_m,, [y _20010° 81

F. >

=98100 N

Mo = Fi Eg = 98100902'—6 = 29430 Nm

Circumferential speed at the cable drum:

(28 _ 20n mnmotor

i (60

nmotor
i
_ 20975
177860

Vdrum max

2 2

B(E =0173m/s
2
Motor output, motor torque:

R Y,

motor

981000173
09010°

29430
177109

rummax __

g [10°
M

motor

= 1886 kW

load —

, =184.7 Nm
I g

For a 25 t test load, a motor output of 23.57 kW and a motor

09.99

torque of 231 Nm are obtained. The

selected 22 kW motor is sufficient, as it involves a drive with intermittent duty.

Lowering the load at constant velocity

Motor output, motor torque:

F, v
) o = —— 1g;mmax .= _%501173 0.9 = -1527 KW (regenerative operation)
M 29430
M = —lad =———[09=1496 Nm
motor | B]G 177
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Calculating the motor torques when accelerating

Motor angular acceleration:

& 20%

a o = nmotor - n motor
t, 600,
S 20 5542
60L10

Accelerating torque for motor+gearbox:

M

b motor +gearbox = ( ‘]motor gearbox) m motor

=(033+0)[10.2=337 Nm

(Jgearbox Neglected)

Moment of inertia of the load referred to the cable drum:

Ioad - |]noad ll )

= % 20010° E{%)Z = 450 kgn?

Moment of inertia of the cable drum:

J1,=20 kgm?2 (estimated)

Accelerating torque for the load+wire drum:

Mpicagsarum = (Jioad + Jarum) L arum = (Jioad + Jarum) L
= (450 + 20) di(;_? =2708 Nm

Hoisting the load, motor torque when accelerating:

1

3 Various special drive tasks

Mmotor = Mbmotor+gearbox + ( Mbload+drum + Mload) G—
| (g
— 337 + (27.08 + 29430) G~
177109
Siemens AG 79
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Due to the relatively long accelerating time, the accelerating torques are low with respect to the
load torque.

Selecting the motor and drive converter

Selected motor:

1LA5 207-6
Pr=22 kKW Imotor n=42.5 A; M=215 NM; Nirotor=90.8%; Jimotor=0.33 kgm?

Selected drive converter:

6SE7027-2ED61
Py n=37 KW; Iy, 1=72 A; I\ max=98 A
Closed-loop frequency control

The maximum current of the 37 kW drive converter is 98 A. Thus, the 22 kW motor (I,ot0r n= 42.5
A) can also easily start even with a suspended test load of 25 t. The starting current must be set
high enough, so that the load doesn’t slip when the brake is released and there are no problems at
the transition from open-loop controlled operation to closed-loop controlled operation. It is practical
to set the slip frequency for the brake release somewhat higher than the rated slip frequency.

Rated motor slip frequency:

nS B nn
nS

50 Hz = 2000~ 97 £ _ 105 1y
1000

f

dipn =

As a result of the relatively long accelerating time from 10 s to 50 Hz, the brake enable signal can
be simply realized using the signal fy, = fy, with fy, = 2 Hz. In the still available time from 0.4 s to

when the brake is released, the flux will have had time to establish itself.

Dimensioning the brake resistor

The brake resistor is used when the load is lowered. As result of the low influence of the
accelerating- and decelerating torques, only the braking power due to the constant load torque
when the load is being lowered is taken into account. The worst case situation is investigated,
when the nominal load is lowered from the full height.
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Velocity-time diagram when lowering the load from hy54=5 m

Vload

Liotal

“Vioad max T

V
= MM — 00865m/ s

VI oad max 2

Total time for the load to be lowered:

hmax - Vload max |:ﬂb

tow =ty = 20, + v

load max

+ 5-0.0865010 _
0.0865

=200 678s

Max. braking power of the braking resistor:

_ I:H D/Tr max

I::l’)erax - 103 mG Ij7mc:'[0r

_ %Em 0.9 D908 = 1387 KW

3 Various special drive tasks
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Braking diagram

br W

13.87 kW 1

> 10s & >l 10s &t
67.8s

Braking energy for a 90 s cycle (corresponds to the area in the braking diagram):

W, = B, wimex Lt —t,) = 1387 (678 —10) = 8017 kWs

The following must be true for the brake resistor:

W 8017 _ go1kw s P cont
T 90 '
With
— PZO .
P cont, = 45 (for an external brake resistor)

the following is obtained

89125=401kwW < P,

Thus, a braking unit is selected with P = 50 kW (6SE7028-0EA87-2DA0) with an external brake
resistor (6SE7028-0ES87-2DCO0).
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3.1.6 Elevator (lift) drive

This drive involves an elevator with a 1:1 suspension system, and a load capability of 1080 kg for
14 people. The elevator moves through a total height of 23 m with 8 floors. The elevator
approaches the floors directly without crawl using a closed-loop position control function.

Drive pulley

Counter-weight

yd Suspended
Cable _“cable

Cabin +

load
Elevator data
Driving pulley diameter D =0.64m
Gearbox ratio i =35
Gearbox efficiency Ne =0.69
Load capability Q = 1080 kg

Max. weight of the elevator cabin
Max. counter-weight (F,ax+0.5Q)
1/2 suspended cable weight
Cable weight

Operational velocity

Acceleration

Fmax = 1200 kg
Gmax =1740kg
1/2 myy = 28.75 kg
Mcaple = 48.3 kg

Vmax = 1.25m/s
amax =0.9 m/s?
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Rated motor output P =13.5 kw
Rated motor current IMotorn = 33.5A
Rated motor torque Mp =94 Nm
Rated motor speed Ny = 1455 RPM
Motor efficiency Nmotor = 0.89

Motor moment of inertia Ivotor = 0.21 kgm?2
Moment of inertia of the hoist (referred to the drive pulley) Jw = 105.7 kgm?
Moment of inertia of the handwheel (referred to the drive pulley)Jy = 27 kgm?
Elevator height range FH =23m

Ascending with a full load and at constant velocity

nTr Mioad
Hoisting force: g
Fy =(020(m. + mQ) =097 g +m,,.) LY
F
= (102 {1200+ 1080) - 097 [1740+ 483) (9.81 l "
=67306 N
Cable
(1,02; 0,97: additional factors) G /
Load torque, motor torque: v
M, =F, [-g = 6730.6@0'2ﬁ = 21538 Nm
M e
= Mg - 21535 _ 5916 Nm

M
™ i, 35[0.69

Motor output:

_ Fy ¥ _ 673060125
mor Ty 00°  069010°

=122 KW

The existing 13.5 kW motor is sufficient, as the drive operation is intermittent (refer to the thermal
check later in the text).

Motor speed at Vi ax:

= j Ymae 0 _ 55 125060 _ 30 oo
7i[D 7. [0.64

n =i

motor max drum max
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Descending with full load and constant velocity

Motor torque, motor output:

M oo = % (e = % [0.69 = 42.46 Nm

Fo IV _ 673060025 _
Pmotor = —H:LT |]7G - —1—03 [(])69 - _58 kW

(regenerative operation)

Calculating the motor torques when accelerating and decelerating

Motor angular acceleration:

2

a =i A, Elz— =35[09— =9844s™
D 064

motor

Accelerating torque for the motor:

M = ‘J m motor

b motor motor

=0.219844 = 2067 Nm

Load moment of inertia referred to the drive pulley:
1
D M =L02HM +my +m, + My, +2 My )
=102[(1200+1080+1740+48.3+28.75) = 4180 kg
D
‘Jload = Z minear HE)Z

0.64

= 4180 EQT)Z = 428 kgn??

Accelerating torque for load+hoist+handwheel:

Mbload+W+H = (‘Jload + ‘]W + ‘JH) @

= (428+105.7 + 27) GQZ'—;M =1577 Nm

3 Various special drive tasks

Cable
~

5

Tr.

ﬁ

D

%oad

F+Q
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As deceleration is the same as acceleration, the following is valid:
M

Vv motor

M, gagswin = Mpioadswe

Ascending with full load, motor torque when accelerating:

1
+(Mbload+W+H + Mload) —

b motor H
IR

= 2067 + (1577 + 21538) Eli =1752 Nm
3500.69

M =M

motor

Ascending with full load, motor torque when decelerating:

1
+(_leoad+W+H + Mload) B—

Vv motor .
v/

= 2067 +(~1577 + 21538) —~— = 32 Nm
35[0.69

Moo =M

motor

Descending with full load, motor torque when accelerating:

M =-M

motor

+(_Mbload+W+H + Mload) d7|_G

b motor

= —2067 + (~1577 + 21538) B(% =-93Nm

Descending with full load, motor torque when decelerating:

M = M +(leoad+W+H + Mload) d7_G
|

motor Vv motor

=2067 + (1577 + 21538) B(% =94.22 Nm (regenerative operation)

The highest motor torque is required when accelerating while ascending with a full load. The
highest motor torque in the regenerative mode is when decelerating while descending with a full
load.

Accelerating- and decelerating times:
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Calculating the maximum braking power

The maximum motor output in regenerative operation occurs when the drive starts to decelerate

from the maximum motor speed while descending with full load.

5 _ M rotor v Bt max —_ 94.22[1305 =-1288 kW
br motor max 9550 9550 .

Selecting the drive converter

Selected drive converter:

6SE7026-0ED61
Py n=30 kW; Iy, 1=59 A; I\ max=80.5 A
T300 technology board with closed-loop elevator control

The drive converter is adequately dimensioned, as the rated converter current corresponds to 176
% of the rated motor current. For the highest required motor torque, the approx. motor current is

given by:

M

- motor max 2 2 12 2

Irmtormax~ ( M ) |llmotorn I,un)+|un
motor n

with 1, =0350,,,,, (@assumption), the following is obtained:

l otor mex = \/ (%3'2)2 [(335° - 0.35° [335%) + 0.35° [B35* =59.7 A

Dimensioning the brake resistor

When dimensioning the brake resistor, the worst case situation is investigated which is when the
elevator is descending with a full load through all the floors. An 8 s no-load interval is assumed
between ending a descent and starting to make an ascent.

Siemens AG 87

SIMOVERT MASTERDRIVES - Application Manual



3 Various special drive tasks

Velocity-time diagram for a descent and an ascent through all of the floors (max. height)

interval interval

max

ttotal

Descent No-load Ascent No-load

total

max

N =23m

Thus, the following total time is obtained for travelling through the full height:

t =20, +w:2ﬂ39+%:19_795

max

Constant travel velocity time:

t, =ty — 20, =19.79-20139=17s

~ ‘“total

Cycle time for the descent and ascent:

T =2ty +1,) = 2[(19.79+8) =5558's

Max. braking power of the brake resistor:

Fl’)erax =R D]motor =1288089 =1146 KW

br motor max

Brake resistor power when the elevator is moving at a constant velocity:

= 58089 =516 kW

Pbchonst ~ ¥ br motor const m7mot

09.99

88

Siemens AG

SIMOVERT MASTERDRIVES - Application Manual



09.99 3 Various special drive tasks

Braking diagram

P br W
Descent No-load Ascent No-load
11.46 kW 1 interval interval
5.16 kW 4
VA= 8s—<———1985s —— =< 85— %
v
— \ 17s / = t
1.39s 1.39s
19.8 s
55.58 s

Braking energy for a cycle (corresponds to the area in the braking diagram):

1

var = Pbchonst |:ﬂk +§|:Pb b

r W max 3

— 516017+ % (11460139

=87.7+796 =957 K\Ws

The following must be valid for the brake resistor:

%:ﬂ:]jgkwgp

T 5558 br cont.
With
— PZO . .
P cont, = 45 (with an external brake resistor)

the following is obtained

45M72=T74KW < P,

Thus, a braking unit is selected with Pog = 10 kW (6SE7021-6ES87-2DA0) with an external brake
resistor (6SE7021-6ES87-2DCO0).
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Thermally checking the motor

This elevator makes 180 ascents/descents per hour, i. e. 20 s per ascent/descent including 8 s no-

load interval. Thus, when thermally checking the motor, a duty cycle at full load through 5 floors
has been assumed.

Height difference between the bottom and top floors (5 floors):

h = 5%’ =144 m
Total time to travel from the first to the fifth floor (through 5 floors):
to =200 + MV [ _ 5394 1447 112255 139 12015

max

Cycle time for a descent and an ascent:

T=2 |lttotal +tp) =2 m1291+ 8) =4182

Time for which the elevator moves with continuous velocity:

t, =t,, -2, =1291-2M139=1013s

Torque characteristics when descending and ascending

Ascending No-load Descending No-load
interval interval
motor | - 175.2 Nm
% 7
94.22 Nm
89.18 Nm \
/
42.46 Nm
1.39s \

3/.2Nm >\%

! b i b :
—| \:%10.133 %;/;em%i\:e 10.13 s a/;eaas%;

1.39s 1.39s -9.3Nm 1395

N

41.82s
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The RMS torque is obtained from the torque characteristic:

M. = \/ 17522 [1.39 + 89182 1013+ 322 [1.39 + 9.3? [1.39 + 42.46° 1013+ 94.222 [1.39
RMS

2[{12.91+0338)
_ [153967.7
311

=704 Nm

Calculating the average speed:

n i +Nn i
z‘ mOtAz IrTmE[ﬂi ;mmax[ﬂbm-l-nmax[ﬂk

+k, O, © 20, +t, +k, O,

n =

mot average t
e

1 13051392 +1305[1013

_2 _
© 2M139+1013+033B 97 RPM

The average motor speed is greater than half the rated motor speed (control range 1:2) and the
calculated RMS torque is less than the motor rated torque with 94 Nm. Thus, operation is

thermally permissible.
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3.1.7 Traction drive along an incline

09.99

In this case, it involves a rack and pinion drive. The gradient is 3 degrees. At standstill, the vehicle

is held at standstill by the motor holding brake.

Drive data

Mass to be moved (fully laden)
Mass to be moved (empty)
Pinion diameter

Angle of inclination (gradient)
Specific traction resistance
Mech. efficiency

Max. velocity

Max. acceleration

Max. deceleration

Max. distance moved

Cycle time

m = 3500 kg
m = 3000 kg
D =0.12m

a = 3 degrees
WE =0.05

n =0.9

Vmax =0.2m/s

ap max = 0.8 m/s2
ay max = 0.8 m/s2
Smax =24m
tycle =210

92
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Specified motion characteristic

Ascending

max

ONNIO

<ty

3 Various special drive tasks

—

p5

<—tpy =]

ot

® ®

"

. h !

Descending

-

Distances travelled (as specified):
Range 1: si=14m with m=3500 kg (ascending)
Range 2: spy=1m with m=3000 kg (ascending)
Total 24 m
Range 3: s3=0.15m with m=3000 kg (descending)
Range 4: s4=0.65m with m=3000 kg (descending)
Range 5: sg=0.2m with m=3000 kg (descending)
Range 6: sg=1.4m with m=3500 kg (descending)
Total 24 m

No-load intervals (as specified):

tp1=tps=2's
tp2=tp3=tps=8 s
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Accelerating time, decelerating time:

t =t =m =92 _go5g
abmax 0'8
With
— Sf _O'Sljlmax qtb +tv)
t, =
VmBX

the following times are obtained when moving at a constant velocity:

t, =6.75s
t, =4.75s
t; =05s
t,=3s

t., =075s
t, =6.75s

Thus, the time for the complete distance moved is given by:

i=5 i=6

b ocent descent. = thi + Zt,d +6[{t, +t,) =28+225+3=535s
1=1 1=1

With the cycle time (specified)
T=t,.=210s

cycle

the remaining no-load interval is given by:
te =Tt =210-535=1565s

ascent +descent

Precise positioning is only possible using a servo drive due to the short accelerating- and
decelerating times.
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Ascending at constant velocity (loaded)

Component of gravity down the incline, normal component of force, drag:
F, =mlg&ina
=35000.81&n3’ =1797 N
F. =mlgleosa
=3500@.81[¢os3° = 34288 N
Fv =F, v
=34288[005=17144 N

Force due to the load, load torque:

Froad agend = P + Ry =1797+17144 = 35114 N
Mload,ascend = I:Ioad Eg
= 35114 BO;—Z =210.7 Nm
Siemens AG 95
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Descending at constant velocity (loaded)

Force due to the load, load torque:

F =F, -F, =1797-17144 =826 N

oD

load descend load

load descend

M

=826 BOZE =495 Nm

Calculating the load torques when accelerating and decelerating (loaded)

Angular acceleration of the pinion:

2 2 _
ab pinion abmax O 8 B(E 1333 S 2

Load moment of inertia:

- mEQ—) - 3500 u{%) = 126 kgn?

I oad

As acceleration is the same as deceleration, the following is valid for the load torques:

Moisag = Myisag = Jiong B rion = 1261333 =168 Nm

b pinion

09.99
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Selecting the motor

The following motor is empirically selected (refer to calculating the motor torques):

1FT6 041-4AF7 with gearbox i=81, n,=3000 RPM, Mn(100)=2-2 Nm, 'n(100)=1-7 A, Nimotor=0.-86
Imotor+brake=0-00039 kgm?, Jgearbox=0-0008 kgm?2

Motor speed at Vi ax:

o =ims B0 g P20 ooz0 2 pem
7D 7 (012

Calculating the motor torques while the vehicle is moving at constant velocity (loaded)

Ascending:
_ 1 _ 1 _
M oor = M ad ascend o = 210'7@@ =289 Nm
Descending:
M v = M ad descend E—flz = 4.95% = 0.055 Nm (regenerative operation)l)

1) Regenerative operation is obtained from the various signs for torque and speed

Calculating the motor torques when accelerating and decelerating (loaded)

Motor accelerating- and decelerating torques:

Mbrmtor = Mvrmtor = Jmotor |:i]D)bpinion

=0.00039 (811333 =042 Nm

The accelerating- and decelerating torques for the gearbox, referred to the pinion:

=M =J 0% [

b gearbox v gearbox gearbox b pinion

= 0.0008[81° [13.33=70 Nm

M
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Ascending, motor torque when accelerating:

1
+ Mloadascend)g_

b gearbox | |]7

=042+ (168 + 70+ 210.7) E—IL =6.58 Nm
81[0.9

M =M +(Mypq + M

motor b motor

Ascending, motor torque when decelerating:

1

1)
v gearbox + M|Oad ascend) i msign(...)

M =-M

motor + (_ M M

v motor v load

=-042 + (-168- 70+ 210.7) GEHE:W =-0.72 Nm (regenerative operation)

Descending, motor torque when accelerating:

motor

sign(...)
—_ _ _ _ 1) dz
M =-M b motor + ( M b load M b gearbox + M load descend ) i

-1
= —042 + (-168 - 70 + 4.95) B% =-362 Nm

Descending, motor torque when decelerating:

Mmotor = Mvmotor + (leoad + Mvgearbox + Mload d@cend) |ﬁ|
_ D9 _ | |
=042 + (168 + 70 + 4.95) i 312 Nm (regenerative operation)

1) For a negative expression in brackets, n changes to n-1

The highest motor torque is required when accelerating as the vehicle ascends. The highest motor
torque in regenerative operation is required when decelerating as the vehicle descends. The
selected motor is adequately dimensioned, as it can be overloaded up to approx. 7 Nm at
Nmax=2578.3 RPM and 400 V supply voltage.

The steady-state holding brake torque corresponds to the motor torque when descending at
constant velocity:

M,yq = 0055 Nm
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Selecting the drive converter

For the highest required motor torque, the motor current is given by:

motor max

M r m g
. Mmo =17 Eﬁz28 =508 A (hardly any saturation effect for this motor)

motor n

Selected drive converter:

6SE7013-0EP50 (Compakt Plus type)
Py n=1.1 kW; Iy, ;=3 A, Iy max=9 A (300% overload capability)

Dimensioning the brake resistor

The brake resistor is used when the vehicle decelerates as it ascends and when it descends at
constant velocity and when decelerating. In the following calculation, the slight decrease in the
motor torque during motion without load is neglected (thus the calculation is on the safe side).

Max. braking power for the brake resistor when decelerating from v 54 to O:

_ M motor V (Vpay — 0) |]'I

motor max
R I Motor Max (Ve — 0) Ij7motor - 9550 Ij7mo'[or

br W max (Ve — 0)

=R

_ 072025783
9550

[0.86 = 0168 kW

Braking power for the brake resistor while moving at constant velocity with -V, ax:

P — P _ Mmotor const (V==Va) |]lmotor max
br W const (V=—Vp5) ' br motor const (V=-V) Ij7rmtor - 9550 |]7motor
_ 0.055[2578.3 D86 = 0.013 KW
9550

Max. braking power for the brake resistor when decelerating from -vy, 55 to O:

M (h
— _ 'V (=Vmay - 0) r m
Pbr Wmax (Ve —0) Pbr motor Max ( =V — 0) |]7motor - o 9551)) o e |]7motor
= 312[25783 [0.86 = 0.724 KW
9550
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Brake diagram

F)brW . .

Ascending Descending
(2x) (4x)

0.724 kW T

0.168 kW T h

0.013 kW = II  — II -
i VAL t
ty Y3456 v

T

Braking energy for a cycle (corresponds to the area in the braking diagram):

W, =22 R, 1,+R

r'Wmax (Vg - 0) —Vv

r' W const (V=—Va) |11:k3 + tk4 + 1:k5 + 1:k6) +4 B;-_ |:F)brWmax(—vmaxﬂo) |:ﬂv

=2 D;'— [0168[0.25+ 0.013[{05+ 3+ 0.75+ 6.75) + 4 D;'— [0.724 [0.25 = 0545 kWs

The following must be valid for the brake resistor:

W 20'—54520.0061kVVS R

T 90 br cont.

As the cycle time with 121 s is greater than 90 s, T is set to 90 s.

With
P,
Pt = 4—2% (for Compact Plus, only an external brake resistor)

the following is obtained

45[0.0061= 0027 KW < P,

Thus, the smallest braking resistor is selected with Pog = 5 kW (6SE7018-0ES87-2DCO).
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Thermally checking the motor

In the following calculation, the slight decrease in the motor torque when the vehicle is not carrying
a load is neglected (thus, the calculation is on the safe side).

Torque characteristics

Ascending Descending
(2x) (4x)
Mmotor
6.58 Nm
L/
3.12 Nm
2.89 Nm /
/
0.055 Nm
/tv tb \\
1 1
\Kt k1.2 =7 \ t
tb \ \ tV
-0.72 Nm tk3,4,5,6
/
-3.62 Nm
T

The RMS torque is obtained from the torque characteristic as follows
t, +t, =675+475=115s

s +t, tts +t,=05+3+075+675=11s

Thus,

2 2 2 2 2 2
M. = \/2 (658" +0.72°) [025+289” [115+ 4[(362° +312?) [D.25+0055° (11 _ 0o\ -

6252 +115+11+1[{2+8+8+8+2+1565)

Siemens AG

101
SIMOVERT MASTERDRIVES - Application Manual



3 Various special drive tasks 09.99

For the 1FT6 motor, factor k¢ is set to 1 for the no-load intervals. The calculated RMS torque is
less than the rated motor torque with 2.2 Nm. Thus, operation is thermally permissible.

Information regarding the calculation

Due to the tedious calculations required when trying-out various motors and gearbox ratios, it is
recommended that a spreadsheet program such as Excel is used.

102 Siemens AG
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3.2 Winder drives

3.2.1 General information

Reel

F z =const.

() <=

v master=const.

Mode of operation of an axial winder

A material web, with width b, is wound or unwound at constant velocity and tension.

= LHSO reel speed [RPM]
D
\Y web velocity [m/s]
D actual reel diameter [m]
__VvI60 mini d of the reel at D=D [RPM]
Ny i = p— inimum speed of the reel at D=Dyy,5x
Ny mex = n\()%lﬁo max. speed of the reel at D=D¢qe [RPM]
Kern
F, =z[b web tension [N]
Z web tension/m [N/m]
b web width [m]
Siemens AG 103
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=F, £ |:Z [60 gi winding torque (proportional to 1/ny,)  [Nm]
20t n,
My o = F [_P_ max. winding torque at D=Dj, 5« [Nm]
- [E min. winding torque at D=D Nm
Wmln F 9 q core [ ]
_RUb winding power (constant) [kW]
w 3
10
Winding
-
_—
Unwinding
O
D max core
Mw max My ~ Uny,
e
P,y = const.
/ w
IVIW min
n W min n W max n w
Winding torque and winding power at v = const. and z = const.
104 Siemens AG
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Influence of the friction

Further, a speed-dependent frictional torque is present due to the bearing friction and other
effects. Thus, the winding torque is increased when winding and reduced when unwinding.

Mg speed-dependent frictional torque [Nm]
Mures = My + Mg resulting winding torque when winding [Nm]
Muwres = My = Mg resulting winding torque when unwinding [Nm]

Motor torque, motor output (steady-state operation)
With

J— MDeore Prtor max gearbox ratio
Ny v [60

Ns gearbox efficiency

the following is obtained for the motor:

M - My, + Mg motor torque when winding [Nm]
motor | 376
P = My, + Mg motor output when winding [kW]
motor 9550 |]76

(energy flow from the motor to the load)

M, o = _M B motor torque when unwinding [Nm]
i
M, - M -
P = _W M, @ motor output when unwinding [kW]

(energy flow from the load to the motor)

Siemens AG 105
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Acceleration, deceleration

When accelerating and decelerating the reel at constant web tension, additional accelerating- and
deceleration torques are present. The effective moment of inertia consists of a fixed component
(motor, gearbox/coupling = supplementary, winding core) and a variable component (reel as
hollow cylinder).

- + Joore fixed moment of inertia referred to the motor [kgm?]

JF Jmotor pr plementary | 2
shaft
J, = 7oy [10° (D* - D2 ) variable reel moment of inertia [kgm?]
32 (as a function of reel diameter D)
and
3, = £, (D" + D) [kgm?]
_ rnbp, 3 4 4y maximum reel moment of inertia [kgm2]

JVmax - TD‘O quax - Dcore)
and
3y = 5 0y (D + D) lkgm?)
Jymin =0 for D =D, min. reel moment of inertia

b, D in m; p in kg/dm3; m in kg

Accelerating- and decelerating torque for the motor + gearbox/coupling referred to the motor shaft:

2oV [Nm]

b, v motor +sup plement = (ertor + prplen‘ent) D] D t
b,v

M

Accelerating- and decelerating torque for core+reel referred to the reel:

M =@ +JV)E-|[2—)E-|L [Nm]

b, v

b, v core+reel core

106 Siemens AG
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t, accelerating time from O to v [s]

v decelerating time from v to 0 [s]

When accelerating and decelerating, the variable moment of inertia is assumed to be constant.

For constant tension during acceleration and deceleration, the motor torque is given by:

Winding, motor torque when accelerating from 0 to v:

Mo = M M + Mo+ M) B o

motor b motor +sup plement b core+reel
G

Winding, motor torque when decelerating from v to O:

M =-M

. +(=M + My + Mp)? Ot [Nm]
|

G

v motor +sup plement v core+reel

1) If the expression in the brackets is < 0, the factor 1/ng must be changed to ng (the

deceleration component is predominant)

Unwinding, motor torque when accelerating from 0 to v:

Mmotor = Mbnntor+supplmmt +(Mboore+reel - MW + MR)Z) Eﬂ% [Nm]

Unwinding, motor torque when decelerating from v to O:

M =-M

motor +(-M - My, + Mg) @ [Nm]
|

v motor +sup plement v core+reel

2) If the expression in brackets is > 0, factor Ng must be changed to 1/ng (acceleration

component is predominant)

Siemens AG
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The motor output is obtained from the motor torque as follows

P = M motor Dhmotor [kW]
motor 9550
Motor selection

The motor is selected according to the maximum torque at np,j, and the maximum speed. For
additional accelerating- and decelerating torques, it may be possible to utilize the overload

capability of the drive. As the winding torque is proportional to 1/n, then it is possible to use the
field-weakening range, with Mperm. l/n. Further, there must be sufficient safety margin to the

stall torque in the field-weakening range.

The winding power Pyy is constant over the speed. Thus, the motor must provide this output at

Nmin-

motor

min n max

Motor torque under steady-state operating conditions and permissible torque for S1 duty

108 Siemens AG
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Closed-loop winder control

There are several ways of providing constant tension:

» indirect closed-loop tension control (without tension transducer)

In this case, the constant tension is implemented using a torque reference value input adapted
by the diameter. It is important to accurately compensate the frictional- and accelerating
torques, as these parameters cannot be compensated without using a tension transducer.

» direct closed-loop tension control with dancer roll

The tension is entered using a position-controlled dancer roll.

» direct closed-loop tension control with tension transducer

The tension actual value is sensed using a tension transducer and is appropriately controlled.

Note:

An Excel program is available to dimension winders: "McWin - Motorcalculation for Winder". Also
refer to ASI Information E20125-J3001-J409-X-7400 from September 94.

Siemens AG 109
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3.2.2 Unwind stand with closed-loop tension control using a tension transducer

This application involves an unwind stand with "flying" roll change. Before the reel is changed, the

new reel is prepared for splicing. When the old reel falls below a specific diameter, the new reel is

accelerated until the circumferential speed corresponds to the web velocity of the paper. The reel

support mechanism then rotates into the splice position. The new reel is automatically spliced, and

the old reel retracted.

Unwind stand data

Max. reel diameter
Core diameter
Web width
Material density
Max. web velocity
Web tension
Acceleration

Stop (coast down)
Friction

Gearbox ratio

Steady-state operation

60
Py iy = 20 = 15980 _ o5 ppy
D, ml27
Ve (B0 _ 15080 _ 0 o

Wwme = iy~ D11

F, =z(b=100017=170N
My e = Fy 5%2170&;—7:108 Nm

M, . = F, P& =170 P+ = 9.4 Nm
2 2

Dmax = 1.27m

b =17m

oW = 0.93 kg/dm3
Vmax = 15m/s

z =100 N/m

tp =40s

ty =40s

Mgr =20 Nm at Dyyjyax
i =1to3

110
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o = Fr Wy 170015

= 255kW
W 10° 10°

Gearbox ratio i = 2 is selected
The gearbox efficiency ng is assumed to be = 1 (belt-driven gearbox, pinion wheel)

Noer iy =1 Dy i = 2 (226 = 452 RPM
Noor m =1 Dy g = 22604 = 5208 RPM

M -M -

Ivlmotormax =~ Wma); - :_1082 20:_44 Nm
My, ... —M _

Mmotor min — Wmmi R=- 942 0 =-4.7 Nm

The frictional torque at nyy, min Was assumed to be 0. The motor torques are negative, as this
involves an unwind stand (regenerative operation).

Calculating the maximum motor torques when accelerating and decelerating

e =2 P000° DL, - D)
32
= %’ [10° [{1.27* - 011") = 403.76 kgn"’
Jewre =0 (cardboard core)
Je = Jioor + Jaup pement. = 008 kgn?* (estimated)

Relationships at D=Dyy5x

0 2 Mo
Mbrmtor+wp plement = (ertor + prplement) [ﬂ D
max b

=008[20— B}E =0.094 Nm

= 2 E_I\fmax
Mbcore+ree| = (‘]oore + ‘Jroll) D t
max b

= (0+40376) 32 0= = 2384 Nm
127 40

M,=M, (asty=t)

Siemens AG 111
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Accelerating from 0 to vy, ax (Without tension, with friction):

M = M + (Mbcore+ree|

motor b motor +sup plement

- MWmax + MR) E‘LL
|
= 0.094+(238.4—O+20)B;*

=0.094+1292=1293 Nm

Decelerating from V5% to O (with tension, with friction):

M =-M +(-M

v core+ree

= My s + MR)G::

v motor +sup plement

= —0094 + (-2384 — 108 + 20) %

=-0094-1632 = -1633 Nm
The highest motor torque is required when decelerating with tension applied. At Dyy,5x the

accelerating- or decelerating torque for the motor+supplement is essentially of no significance.

Relationships at D=Dgqye:

2 max

Mbn‘otor+supplement = (Jmotor + prplement) [ﬂ D
core b
2 15
= O.OSE?.EI—E)L =109 N
011 40 m
Mbcore+ree| = 0 (‘JV = 0' ‘]core = 0)

M,=M, (astp=t,)

Accelerating from 0 to vy, ax (Without tension, without friction):

Mmotor = Mbnntor+supplement +(Mboore+reel - Ilemin + MR)G}

:109+(o—o+0)B;—:109Nm

112 Siemens AG
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Decelerating from v, to O (with tension, without friction):

M =-M

motor +(_M - MWmin + MR) lj!
|

v motor +sup plement v core+reel

= -109+(0-94+0) % = -579 Nm

The highest motor torque is required when decelerating with tension.

Motor selection

The motor selected as result of the calculated maximum motor torques:

1PA6 133-4HD.
Pn=13.5 KW; M,=112 Nm; n,=1150 RPM; n1=2500 RPM; 1,=29 A; ;=13 A; J;;016,=0.076 kgm?

When decelerating from v, to O (with tension, with friction), at n,;,, the motor must provide

1633
12 146 x

rated motor torque for 40 s. The maximum motor output is then given by:

P —_ Mmotor |]'lmotor min _ 1633 @52

motor =773 KW
9550 9550

The 44 Nm steady-state winding torque is permissible for the motor at ny,.

To check the motor in the field-weakening range, the permissible motor output at Ny, 5, with 130
% safety margin, is given by:

o n 500
Pramn, = o B = 1350 = 648 KW

max

Permissible motor torque at ny,5¢ and 130 % safety margin from the stall torque:

_ Poermn,, (9550 6480550
Perm g~ n ~ 5208

max

M =119 Nm

Thus, the motor can also provide the required torque of 5.79 Nm, at ny, 5%, When decelerating with
tension. The maximum motor output is then given by:

P —_ MI’T’DIOI’ |].]I'T'DIOY max __ 5-79 BZOS

= = KW
oter 9550 9550 316
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Selecting the inverter and the rectifier/regenerative feedback unit

The maximum motor current in dynamic operation is given by:

|vlmotormaxdyn
—_ 2 2 2 2
Inntormaxdyn~\/( M ) |llmotorn_I,un)+|,un

motor n

With 1, =13 A, the following is obtained:

1633
Imotor max dyn = \/(E)z |1292 —132) +:|_32 =40 A

The maximum motor current for winding operation is:

motor n

M
- motor max stat 2 2 12 2
lmotormaxstat"\/( M ) mlMotorn I,un)+|,un

44
| otor mex stat = \/ E)Z ngz _132) +13? =165 A

Thus, an inverter is selected (2x):

6SE7023-4TC20
Py n=15 kW; Iy, 1=34 A; |y max=46.4 A
T300 technology board with closed-loop winder control

Infeed/regenerative feedback unit:

6SE7024-1EC85-1AA0
Ph=15 kKW; Ipc jink n=41 A

Autotransformer with 25% duty ratio:

4AP2795-0UA01-8A (25% is sufficient, as the power when winding is only 2.55 kW)

4% uy line reactor:

4EP3900-5UK

09.99
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6000

-40 T Limited by M stall

—— M mot stat
—&— M S1 charac.

-60 T

Torque in Nm

1\

P = const

-100 +

—__ Mmot=Mn

-120 —
Speed in RPM

Diagram for the winding torque (M mot stat) and the Mg characteristic
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Torque in Nm

-100 +
-150 +
-200 +

-250 I

250
1

M mot =2 Mn
4

200 +

150 +

100 +

50 T

Limited by Mstall

09.99

—— Mmotb
—&— M mot v+tens.
—— M max perm.

-50 T

Speed in RPM

Diagram for the accelerating torque without tension (M mot b), the deceleration torque with tension

(M mot v+tension) and the Mpem max Characteristic
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3.2.3 Winder with closed-loop tension control using a tension transducer

This involves a winder with accumulator. The material web, running at max. 50 m/min, is wound-

up, tension controlled. Just before the final diameter is reached, the reel support assembly is

rotated, the winder is stopped, the paper web cut, and the second reel spliced to the empty core.

The material accumulator must accept the web coming from the machine during this time (approx.

15-20 s).

After the empty reel starts, this runs, speed-controlled, 17.8 m/min faster than the web speed of

the machine. Thus, the material accumulator is emptied in approx. 60 s. After this, the closed-loop

tension controlled mode is selected.

Winder data

Max. reel diameter

Core diameter

Max. reel weight

Max. web velocity in operation

Max. web velocity when retrieving paper
from the accumulator

Web tension

Acceleration

Fast stop

Material thickness

Steady-state operation

_ Vi 160 083360

= =159 RPM
M min D, ., Jranl
\Y} [60
My oy = e = L13080 _ 1 37 rpm
mD,, 012
My .o = F E—]D;i=600[-lzl:300 Nm

My = F, 5%:600@'23:36 Nm

My =870 kg

Vmaxg = 50 m/min =0.833 m/s
Vmax L = 67.8 m/min =1.13 m/s

F- =600 N
tp =2s
ty =2s
d =2mm

Siemens AG
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F, Lv
- P r;axB _ 600[0)3.833 — 05 KW
10 10
Selected gearbox ratio, i = 20
The gearbox efficiency ng is assumed to be 0.9
Neotor min = 1 My min = 200159 = 318 RPM
Neotor max = 1 M ma = 20180 = 3600 RPM
M
M, o o = e = 30__ 167 Nm
I g 20109
M., .
Mmotor min == L = 36 = 2 Nm
I g 20[09
Calculating the maximum motor torques when accelerating and decelerating
_ 1 2 2
‘JVmax _gljnN |1Dmax +Dcore)
= é [B70{1* + 012%) = 110.3 kgm®
Jere =0 (cardboard core)
Je = Joor + Jap piement = 003 kgm®  (estimated)
Relationships at D=Dy5x
_ 2 Vixs
Mbmotor+sup plement T (‘]motor + ‘prplenmt) [ GD_ Gt—
max b
=0.03 E?_Oﬁ 833 =05Nm
1 2
2 Vmax B
Mbcore+ree| = (‘]core + ‘]reel) GD_ Elt—
max b
=(0+1103) ﬁ 833 =9192 Nm
1 2
M,=M, (asty=t)
118 Siemens AG
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Accelerating from 0 to vy, g (With tension):

1
Mmotor = Mbnntor+wpplement +(Mb00re+reel + MWmax) El—
VS
— 05+ (9192 + 300)
20009
=05+2177 = 2227 Nm
Decelerating from v 5 g to O (with tension):
_ 1
Mmotor - _Mvrmtor+supplerrmt + (_Mvoore+ree| + MWmax) G—
I g
— 05+ (~9192 + 300) 3—
20009

=-05+1156 =1106 Nm

Decelerating from v, g to O (without tension, e. g. material web broken):

M, = -05+ (-9192) D(E (the factor 1/ng is changed into ng, as
20 the expression in brackets is < 0)

=-05-414=-464 Nm

The highest motor torque is required when the winder is accelerating with tension. The highest
regenerative motor torque is required when decelerating without tension. The accelerating- and

decelerating torque for motor+supplement practically plays no role at Dy, g

Relationships at D=Dgye:

2 Vinax
Mbrmtor+supplement = (ertor + prplen‘ent) [ E'D_ B—L
core b
= 00302032 3= = 565 Nm
012 2
Mbcore+ree| =0 (‘JV = 0' ‘]core = 0)

Mv = Mb (as 1:b = 1:V)
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Accelerating from 0 to V4, | (With tension):

1
Mmotor = Mbrmtor+supplement +(Mbcore+ree| + MWmin) H
I [
= 565+ (0+36) 3— = 7.65 Nm
20[0.9
Decelerating from v, 45| to O (with tension):
_ 1
Mmotor - Mvmotor+sup plement + (_ Mvoore+ree| + MW min) EI
I g
- 565+ (0+36) D
20[0.9

=-565+2=-365Nm

Decelerating from v 5, | to O (without tension):

M = -565Nm

motor

The highest motor torque is required when accelerating with tension. The highest regenerative
motor torque is required when decelerating without tension.

Calculating the maximum braking power

The following is valid for the motor output:

M

- motor mmotor

Prmtor T acen
9550

The maximum motor output in the regenerative mode occurs when decelerating without tension at
maximum speed (i. . at D=Dq,e).

F{)f motor max = M = _213 k\/v
9550
120 Siemens AG
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Motor selection

The motor was selected as a result of the calculated maximum motor torques:
1PQ5 113-4AA20-Z

P,=4 kW; M,=27 Nm; n,=1435 RPM; [,,=9.2 A;

Mstali=3 Mn; Nimotor=0-83; Imotor=0.011 kgm?

Checking the motor in the field-weakening range at Ny, ax

Motor stall torque in the field-weakening range:

nn
Mgai = Mgain QF)Z

Permissible motor torque at ny,5¢ and 130 % safety margin from the stall torque:

M M n

— sall — stall n |1

327 1435
M perm. =
13 13 n

2299 Nm
13 q3600)

n)2

max

The motor can also provide the demanded torque of 7.65 Nm when accelerating with tension, at

Nmax-

Selecting the drive converter

Selected drive converter:

6SE7021-0EA61
Py n=4 kW; 1,=10.2 A
T300 technology board with closed-loop winder control

Dimensioning the brake resistor

The max. braking power for the brake resistor is:

Pberax = be motor max D?motor = 2'13 |:0)'83 = 1'77 kW
Siemens AG 121
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Braking energy:
_ RBowme O, _ 17712

= =177 KWs
2
Winding time:
2 _ N2 2 _ 2
t, = Dmo " Doe . L2012 (50 >90's
400 v, 410.002 50

Thus, the cycle time for braking is set to 90 s. The following must be valid for the brake resistor:

W 177 oo kws P

T 90 br cont.
With
P
B cont. = 3_260 (with an internal brake resistor)

the following is obtained

360.02 =072 KW < P,

The lowest braking unit is selected with Pog =5 kW (6SE7018-0ES87-2DA0). The internal brake
resistor is sufficient.

122 Siemens AG
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3.24 Unwinder with 1FT6 motor

3 Various special drive tasks

A 1FT6086-8SF71-1AA0 motor has been selected for a winder with flying roll change. The

dimensioning and correct motor selection are to be checked. The unwinder inverter is to be

integrated into a multi-motor group.

Unwind stand data

Max.reel diameter

Core diameter

Reel weight

Max.web velocity

Steady-state torque referred to the motor speed at Dy
Required acceleration time

Required deceleration time

Gearbox ratio (belt driven)

Moment of inertia of the mandrel

Diameter of the large gear wheel on the mandrel (112 teeth)
Diameter of the small gear wheel at the motor (28 teeth)

Width of the gear wheels

Gear wheel material: Steel

Motor data

Rated output

Rated speed

Moment of inertia
Efficiency

Torque constant

Stall torque

Stall current

Max. permissible torque

Max. permissible current

Drmax =0.8m

Deore =0.09m
=100 kg

Vimax =200 m/min

Msteady-st. max = 31 Nm

ty =05s

ty =05s

i =4

Jmandrel = 0.08 kgm®

Dz mandrer =290 mm

Dz mot =72.5mm

b =38 mm

Pn =9.7 kW

Nmot n = 3000 RPM

Jmot = 0.00665 kgm®

Nmot =0.91

KTo =1.33 Nm/A

Mo =35 Nm

lo =264 A

Mmax =90 Nm

Imax =84 A
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Max. web velocity in m/s:

200
v =——=333m/s
max 60
Web tension:

= Statmax[nGD— 31@1% 310N

Steady-state operation

_ F, W, _ 3100333
W™ 1000 1000

= -103 kW

.V E60:4D3.33E60

= [ = 3183 RPM
Moot min =1 D, 08 3183
v 3360
:'Dmax [:F = 28294 RPM
nmotmax I 7T|:ID 09 8 9

Steady-state motor torque as a function of the motor speed:

Elnmot min
n

M mot steady—state = _M steady—state max

mot

Determining the motor torques when accelerating and decelerating as a function of the motor
speed

Max. moment of inertia of the full roll;

D !
o)) =227 +(2,)7) = 81kant

_m Dmax 2
= 27+

Estimating the additional moments of inertia:

1

N % b(7.850" 10° = > —[0.03817.85 E{O 29) [10° = 0.066kgm*

1 1 008
2mr =5 D750 (10° = D038L785((— )" (10° = 0.00026 kg’
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Thus, the supplementary moment of inertia, referred to the motor is given by:

J +J
i plemeng = — S+ :Wmooozes:om kgm?

Accelerating from 0 to vy, Without tension (with tension)

n
b = (I + Supp,emem)[ﬂD‘:) D L component, motor+supplement

mot min

n t min

core 1

+J, e B— 23 yE—— & component, winder
o Dmax tb Dm - Dcore I
nn‘ot min .
nﬂ'ﬂt

The maximum motor torques when accelerating are obtained without tension. As this unwind stand
has a flying roll change, the accelerating curve is calculated without tension. At a roll change, the
full or partially full roll must first be accelerated in preparation for the flying roll change (where the

two material webs are glued together). In operation, after standstill, acceleration only with tension.

Decelerating from v, to 0 with tension

n
=—(Ju t+ supplement)l:ﬂDb D L component, motor+supplement

v mot min

M

mot v

n t min
Driax m%)‘l - D4

2 \V; . core 1
~Jyma B0 ,Lnax B—0s = D El component, winder
max \ max core
n ]
=M geady-state max El% component tension
mot

Checking the selected motor

The steady-state and dynamic torque characteristics, together with the motor limiting
characteristics are plotted to check the selected motor. As can be seen from the following

characteristics, operation with the selected motor is permissible.
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0 f f } } f !
0 500 1000 1500 2000 2500 3000
_5 4
-10+
S
z
c 157
[} —— Mnot steedy-state
g —=— MSI charac.
S -20t
'_
25+
-30+
.35 .///

Motor speed in RPM

Steady-state torque characteristic and Myem s1 Characteristic

100 T

80 T

60 T

20 T
——Mmot b

0 : : : : : | -8-M mot v+tens.
500 1000 1500 22000 2500 3000 —+ M max per.

Torque in Nm

-20 +

-40 +

-60 T

-100 —~
Motor speed in RPM

Acceleration characteristic without tension, deceleration characteristic with tension and Myem max

characteristic
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Selecting the inverter

3 Various special drive tasks

The inverter is selected according to the peak current in dynamic operation and according to the

highest motor current when winding. The highest motor current when winding must be less than

the inverter base load current so that the overload capability of the inverter can be used. Thus, the

following must be valid:

| <1.60,,,

mot max dyn —

| <0910,

mot steady-state max

The motor current is given by, taking into account saturation:

M|

I"m:kTom for‘Mm‘s M,
M

T e L

KT, b, - (™) - =0

o B L= (™ ) = )
with

_1 b ‘nrmt‘ 15 _ . .

b =1- Eﬂw) (b=0.1 for frame size <100, otherwise 0.15)

The max. motor current when winding is 23.34 A. The max. motor current in dynamic operation is

52.77 A. Thus, the following inverter is selected:

6SE7023-4TC51 SIMOVERT MASTERDRIVES Motion Control

PINV n:15 kW
IINV n:34 A
IINV max:54-5 A

Siemens AG
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Motor current stat. in A

257

157

107

09.99

—e— | mot steady-sta.
—&— | WR base load

500

1000 1500 2000

Motor speed in RPM

2500

Motor current when winding, inverter base load current

Motor current dyn. in A

50 +

40 +

30 +

3000

——|Imotbh
—a— | mot v+tens.
—— | WR max

500

1000 1500
Motor speed in RPM

2000

2500

3000

Motor currents when accelerating without tension and when decelerating with tension, maximum

inverter current
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DC link currents

In order to integrate the inverter into a multi-motor drive group, the maximum DC link currents
must be calculated in dynamic operation as well as the constant DC link current when winding.
The DC link power is obtained from:

) N O 1

P.. =M

DC link mot 60 (,7mOt |]7|NV )VZ
with
VZ =sign(M )

Thus, the DC link current is:

F)DC link

I o iink :W

suply

The maximum DC link powers, and therefore also the maximum DC link currents occur at the
maximum speed. As acceleration without tension at maximum speed does not occur (empty roll),
acceleration with tension is used when dimensioning (accelerating after a standstill). The following

values are obtained with Ugppy=400 V:

I octink b max = 3-92A acceleration with tension

I ocink v max = —6-53A deceleration with tension

| o tink seady-state = ~1- (1A winding operation
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m

00

30

DC link current in A
N

00

/

Motor speed in RPM

09.99

—— | DC link v+tens.
—&— | DC link b+tens.

DC link current when accelerating with tension and when decelerating with tension
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3.25 Unwind stand with intermittent operation

An unwind stand is to be operated using two mechanically-coupled 1PA6 motors. The inverters for
the two motors are supplied from a rectifier/regenerative feedback unit. The web velocity is not

constant, but it is specified by the following characteristic.

Vimax

Lo t
th L ty
t
T
Unwind stand data
Max. roll diameter Dinax =1,25m
Core diameter Deore =0,125m
Roll weight m = 2000 kg
Max. web velocity Vimax = 600 m/min
Web tension F, =500 N
Required accelerating time ty =7s
Required braking time ty =7s
Constant-velocity time ty =1s
Cycle time T =25s
Gearbox ratio i =3
Siemens AG 131
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Max. web velocity in m/s:

—@—mm/s
60

max

Each motor should accept 50 % of the load. Thus, for the calculation, the weight of the roll and the

web tension is always divided by two.
Steady-state operation

F 500

Tz 2E00
R, =——2 =—2___-_25KkW
1000 1000
o gy =i im0 - 5 100 _ e 4 M

e, 7T1.25

=i D e 60 =30 10160 =4583.7 RPM

ot max D T0.125

n

core

Steady-state motor torque as a function of the motor speed:

n. :
Mmotstat :_Mrmtstatmax EI%
mot
with
M ot ot max =~ K, EpmaxD"L 5005125@]—- -52.08 Nm

Determining the motor torques when accelerating and decelerating as a function of the motor

speed

Max. moment of inertia of the full roll;

m 2000
2 D D 1.25,, 0125
Iy = 24Pt Poyy =2 (B2 (0259 —107.27 kg

Estimating the additional moments of inertia (referred to the motor):

J = 0.1 kgm®

sup plementary
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Accelerating from 0 to vy With tension

M oty = (Jpox +J ) DDZ d/;"ax Moo component, motor+supplementary

sup plementary n
max b motmin

n min
D:‘ax |] mot )4 _ D4

core

2 n .
+J, . [ d’max B ot _ winding component
vmax D t D4 _ D4
max b max core I
M [ motmin -
satmax tension component
mot

Deceleration from v,5 to 0 with tension

2 n
Miow = (It ¥ Jgpp) O DD e Mo component, motor+supplementary
max 1:v rlmotmin
D4 nmotmin 4 D4
2 max |] n ) - core
-J 0O d’max E mot ] winding component
Y3 D! -D?
max tV max core I
-M ot tension component
Statmax p

mot

Selecting the motor

The following motor is selected:
1PA6 137-4HF.

Pn=25 KW; M,=136 Nm; n;=1750 RPM; Mg =485 Nm; 1,=56 A; ;=23 A; J;1016=0.109 kgm?
Nmotor=0-902

When selecting the motor, it must be taken into account that the motor accelerating torque and the
motor decelerating torque at each speed must be below the dynamic limiting curve of the motor. In
addition, the RMS current, obtained from the traversing characteristic must be less or equal to the
rated motor current at each speed. The highest torques, and therefore also the highest RMS
current is obtained at Nmet=Nmot min &S follows:

M otbmax = 99.65 Nm max. accelerating torque
M oty max = —203.81 Nm max. decelerating torque
Siemens AG 133
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With
M .
| ot = (M—'mt)2 T LR (in the constant flux range)
mot n
the maximum motor currents when accelerating, when decelerating and when unwinding with
constant velocity are given by:
I motbmax = 43:9 A
lotvmax = 799 A
| mot stat max = 30'2 A
| mot / I mot v max
| mot b max
/
l n
l mot stat max /
tb E E tv E tp
ty
T
Thus, the following RMS value is obtained:
2 2 2 2
I :\/Irmtbmax[ﬂb+|mtstatmax|]k+lmotvmax |:ﬂv-l_l,un[ﬂp :5075A
RMS T
This value lies below the rated motor current with 56 A.
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To check the dynamic relationships, the dynamic limiting curve of the motor together with the
accelerating and decelerating torque will be investigated.

300 o 2Mn
200 +
Limited by M stall
—— M mot b+tens.
—&— M mot v+tens.
100 + —— M perm. max
1S
zZ
o
= | | ; | L e - o — o0 —Hp—0 ¢ |
O:_) 0 T 90 9o ¢ ¢ o+ ¢ T T T T 1
o 500 2500 3000 3500 4000 4500 5000
o
-100 +
-200 +
-300 +

Motor speed in RPM

Selecting the inverter

The inverter is selected according to the peak current in dynamic operation and according to the

highest RMS current. The following must therefore be valid:

I <1360,,, or I <l60,,, (for 160 % overload capability)

mot max dyn mot max dyn

mot rms max = IINVn

The max. RMS motor current is 50.75 A. The max. motor current in dynamic operation is 79.9 A.

Thus, the following inverters are selected:

6SE7026-0TD61 SIMOVERT MASTERDRIVES Vector Control

PINV n=30 kW, IINV n=59 A, IINV max=94-4 A (160 % Overload Capablhty)

Siemens AG 135
SIMOVERT MASTERDRIVES - Application Manual



3 Various special drive tasks 09.99

The 160 % overload capability can be used here, as the motor torque and therefore also the motor
current decrease as the speeds increase, and as the maximum motor current is required in the
constant flux range. Thus, the fact that field weakening is entered somewhat earlier (at 90 % rated

speed) is of no importance.

Selecting the rectifier/regenerative feedback unit

The rectifier/regenerative feedback unit is dimensioned according to the maximum DC link current
in dynamic operation and according to the highest RMS DC link current. The DC link currents for

each inverter is calculated using the DC link power.
) N I 1

P inl :Mn‘o

T 60 (e D)
with

VZ =sign(M .,,,)

Thus, the DC link current is given by:

I — I:)DCIink
DClink —
1350V, ,,
15
10 X A

N Lo -
) 500 1400 **mod—*2J00 2500 3000 3500 4do0 4500 500 —*!DClink brtens.

—=— | DC link v+tens.

DC link current in A
4

-10 a1

-15

-20

Motor speed in RPM
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The maximum DC link powers when accelerating and when decelerating, and therefore also the
maximum DC link currents, occur at the minimum speed. Thus, with V,,,,=400 V, the following

values are obtained for one motor:

I ociink b max = 10.02 A max. DC link current when accelerating
I ocinkvmax = —16.01 A max. DC link current when decelerating
I ocink st = —4-09 A DC link current at constant velocity

- IDCIinkbrr'ax
motoring
tk
. t,
t
ty
| DCIinkQ
regenerating
I DC link v max
—
T

The following is valid for the RMS value when motoring, for one motor:

2
l DClink b max |:ﬂb

3 -306A
=

l DClink RMSmot —

The following is valid for the RMS value when generating for one motor:

2
| 2 [ﬂ + ID(:Iinkvma\x |:'ﬂv
DClink stat =k 3

l DClink RMSgen — T

=496 A
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The rectifier/regenerative feedback unit is selected according to the following criteria for the
summed currents of both motors:

z I ocinkomax = 210.02=20.04<1.36 U 51k r/Ren maximum value, motoring
Z ‘I Dcnnkvmax‘ =2[16.01=32.02<1.36 .92 5k r/Ren maximum value, generating
z | ik rmsmor = 20B:06=6.12 < | 5k r/Ren RMS value, motoring

z I ociink rms gen = 21496 =9.92.< 0.921 i1y r/Ren RMS value, generating

This results in a 15 kW rectifier/regenerative feedback unit with Ipc jink rire n=41 A. However, as the
output of the rectifier/regenerative feedback unit should be at least 30% of the power rating of the

connected inverter, a 37 kW rectifier/regenerative feedback unit is selected.

6SE7028-6EC85-1AA0
Pr=37 KW; lpc jink n=86 A

The permissible RMS value for a regenerative feedback transformer with 25% duty cycle is given
by:

q/ 25
I DClink rms perm. =1 DClink R/Ren [0.92 ﬁ =1 DClink R/Ren [0.46 =86[0.46 A=39.56 A

As this value is greater than the regenerative RMS value, regenerative feedback transformer with
a 25% duty cycle is sufficient. In addition, a 4% uy line reactor 4EU2451-4UA00 is required.
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3.3 Positioning drives

3.3.1 General information

Positioning procedure

Positioning is possible in two ways:

- open-loop controlled

« closed-loop controlled

Open-loop controlled positioning

3 Various special drive tasks

With open-loop controlled positioning, during positioning, there is no feedback regarding the actual

position. Thus, it is not guaranteed that the actual end position coincides with the desired end

position. A reference point transmitter with a time-dependent velocity signal or a position sensor

(e.g. Bero, opto-barrier) is required for open-loop controlled positioning.

Effects on the accuracy

the control commands

« reference point transmitter and position sensor resolution
- play in the mechanical system (gearbox, joints etc.)

« dependency on the load condition (e. g. motor slip)

changing deadtimes (reading-in, processing) in the setpoint processing and when processing

Siemens AG
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Example showing the influence of changing deadtimes when reading-in/processing control
commands

max

A Smax

G

AN

% -
—

Shutdown command (e.g. via BERO)

The maximum response time to the shutdown command is, in the most unfavorable case, Aty 5.

Thus, the maximum positioning error is:

A Smax :Vmax mtmax

Positioning errors can be reduced by approaching the end position at crawl speed (rapid traverse,
crawl speed positioning).

%
Vmax T
A t max
> =
Vmin T /Asmax
— U
t
Crawl speed starts Shutdown command
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The dwell time at vij, must be at least A5, Otherwise, positioning could be completed
prematurely.

The maximum positioning error is now only:

A Smax = Vmir [A tmax

The disadvantage when using a crawl speed is the longer positioning time.

Closed-loop controlled positioning

For closed-loop controlled positioning, the current position is compared to the reference value from
the reference value transmitter. Deviations are equalized through the closed-loop position

controller.
Sact
B it Y
é Position set Speed
%
+§ Xq controller controller Actuator Motor
Sset
Ref. point
generator

Block diagram for closed-loop controlled positioning

Xq: Position difference

The reference point generator and closed-loop position controller can be externally set-up in the
PLC or can also be integrated into a technology board in the drive converter. Instead of entering a
motion characteristic via the reference point transmitter, the complete position difference can be
fed to the closed-loop position controller. In this case, quantities vij,5x and a5 during positioning
are kept constant elsewhere (ramp-function generator, limiter, square-root function).
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The accuracy is influenced by the following factors

- position encoder resolution
- play in the mechanical system
« deadtimes in the reference value processing

- drive speed control range

For high requirements regarding fast and precise positioning without overshoot, the drive must
have the highest possible limiting frequency (> 40 Hz) and a high speed control range (> 1:1000).
For applications, for example, feed drives, packing machines etc., servo drives are preferably used
(SIMOVERT MC). If the requirements regarding dynamic performance are not as high, e. g. for
high-bay racking vehicles, elevators etc., even standard AC drives can be used (SIMOVERT VC).
The somewhat restricted speed control range can be compensated for using an appropriate
gearbox ratio and a longer positioning time.

Example for the influence of the encoder resolution when using a double-pulse encoder

D/2

S ke

Encoder Gearbox

Block diagram

Distance s moved during one motor revolution is:

DT
s= P [mm]
[
D drive wheel diameter [mm]
i gearbox ratio
142 Siemens AG
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Thus, smallest detectable position difference xg; at an edge change is given by:

_ D

Xg “Tao [mm]

z pulses per encoder revolution

The lowest detectable position difference xg; should be at least smaller than the required accuracy
by a factor of 4.

If the drive is still to respond to a specific position difference xq , then it must still be possible to
adjust a minimum velocity of
Viin = X4 |:H(v [mm/s]

K, position controller gain factor [s71]

The position controller gain must not be too high for stability reasons. It is dependent on the drive
configuration (moment of inertia, gearbox play, deadtimes etc.) and the required characteristics.
Values which can be implemented are:

=10to or standar rives
max = 10 t0 20 f dard AC drives (SIMOVERT VC)
=50to or servo drives
max = 2010 100 f drives (SIMOVERT MC)

With the minimum velocity, the minimum motor speed is given by:
Ny = % [RPM]
DLr

The required speed control range can be determined via the minimum motor speed.
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Fast positioning

09.99

In order to achieve fast positioning, the drive must accelerate and brake at the maximum possible

values, and the constant velocity range must be traversed at the maximum velocity.

Example for fast positioning with tp=t,,

max

max

max

Stotal
< tb tk tV%
ttotal
\Y/ . .
= & (acceleration=deceleration) [s]
amax
max. acceleration [m/s?]
max. velocity [m/s]
results in the distance travelled s;gig):
Stotal = Vmax |:ﬂtotal - [m]

144
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or for positioning time t;5t4) for the specified distance travelled:

_V

g = T+ o [s]

a \Y

max max

If the positioning time t;t5 and the distance travelled sy are specified, then v 5« is given by:

a [ a [
Vi = —\/( )~ By (S [m/s]

The constant velocity time ty is obtained from:

2Ly
tk =t al —— — max [S]
tot amax

For the special case with t,=0, the trapezoidal velocity characteristic changes into a triangular
characteristic.

Example for fastest positioning with tp=t,,, special case, t,=0

max ! Stotal

<t i< t,—>

total

max

max
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With

hex (acceleration=deceleration) [s]

the following is obtained:

2

Vm Eﬁo Vm

Sow =5 o = o [m]
2 20V

tmta] = |$Oti§l| - ax [S]
\Y; a

max

Vmax = @ = hY amax BS[o’[al [m/S]

max

Other acceleration characterisics

In addition to fast positioning with constant acceleration, other acceleration characteristics are
possible, especially for servo drives, e. g.:

« Sawtooth acceleration

This characteristic results in positioning with minimum motor losses. However, for the same
positioning time, the maximum acceleration increases with respect to fastest positioning and
the end position is rapidly approached (mechanical stressing).

» Sinusoidal acceleration

In this case, acceleration steps, which occur for fastest positioning or for sawtooth acceleration
characteristics, are eliminated as well as the associated high mechanical stresses. However,
disadvantages are the higher maximum acceleration for the same positioning time with respect
to fastest positioning and the complex implementation.

« Jerk-free acceleration characteristic

The acceleration can be smoothly entered (jerk-free) to keep the stressing on the mechanical
system low and to prevent oscillations being excited, i. e., no steps and transitions in the
accelerating characteristic. However, disadvantages are the higher maximum acceleration for
the same positioning time with respect to fastest positioning and the somewhat complex
implementation.
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3.3.2 Traction drive with open-loop controlled positioning using Beros

The maximum positioning error due to the changing deadtime when reading-in/processing control
commands at the SIMOVERT VC drive converter are to be determined.

Drive data

Max. traversing velocity Vmax = 36 m/min

Min. traversing velocity (crawl velocity) Vimin =2 m/min

Max. deadtime when processing the control commands AMtpax =4XTg=4.8ms

Velocity-time diagram

max T

min

Bero 1 Bero 2

Bero 1: Changeover from vy, 10 Vi Via fixed reference values (terminal strip)
Bero 2: Offl command via the terminal strip (the brake is energized at f,= 0)

The maximum positioning error as result of the changing deadtime is:
A Smax = Vmir m tmax
=2m/ min[48 ms= 0016 cm
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Without using a crawl velocity, a maximum positioning error, given by the following, would be
obtained:

A Smax = Vmax m tmax
=36m/ min 4.8 ms=0.29 cm!

Closed-loop frequency control is used as result of the enhanced control characteristics. Using
closed-loop frequency control and the possibility of impressing the current at low frequencies, it is
possible to obtain defined characteristics when ramping down from the crawl speed to 0. Closed-
loop speed control can also be used to prevent an excessive dependency on the load.
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3.3.3 Elevator drive with closed-loop positioning control (direct approach)

A SIMOVERT VC drive converter with T300 technology board for positioning is used. The required
accuracy when stopping at floors is + 2.5 mm.

Drive data

Gearbox ratio i =35

Drive wheel diameter D =640 mm
Max. velocity Vmax = 1.25m/s
Max. acceleration amax =0.9 m/s2

Checking the accuracy

A double-pulse encoder with 1024 pulses per revolution is used. Thus, the smallest detectable
position difference is given by:

_ DO _ 6400

X4 = - = = 0014 mm
14z 350401024

This value is more than 400 % less than the required accuracy of £+ 2.5 mm. Thus, the selected
encoder is adequate as far as the resolution is concerned. The maximum motor speed is given by:
_ Vi 160 _ 12508560

Ny = = 1305 RPM
7i[D 7. [0.64

For a speed control range of 1:1000 and a rated motor speed of n,=1500 RPM, the minimum

velocity is given by:

v = n, i (D :15OOD1[640
™ 1000060 10003560

=144 mm/ s

If the closed-loop control should still respond to a position difference of

x, =22 _ 0,625 mm
4

the following k,, factor must be able to be set for the closed-loop position controller:
V., _ 144

k,=-Mr=—— =235
Xy 0625

This value can be realized for VC drive converters using T300.
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Velocity characteristic when moving between floors

With

Sow =N =2875m

this results in a positioning time for a floor of:

_ Vo, Sow _ 125 2875

tow = =396s
A Vex 09 125

Accelerating- and decelerating time:

=t =ma 212459
a 09

max
The constant velocity time is given by:

2 e 369 _20S 091s
0.9

t =t ~
max

Velocity characteristic when moving between floors

\Y

1.25m/s T

S total = 2.875 m

<—1.395—0.915<—1.39 s —> t

K———3.69s

0.9 m/s?

-0.9mis?T

09.99
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3.4 Drives with periodic load changes and surge loads

34.1 General information

Periodic load changes and surge loads can occur, for example, for reciprocating compressor or
press drives.

For drives with periodic load changes, the following must be observed:

- In order that the drive stability is guaranteed, a drive converter with vector control should be
used.

- If the excitation frequency of the load changes is higher than the limiting frequency of the
closed-loop control (nominal values for closed-loop frequency control: Approx. 5 Hz, closed-
loop speed control: Approx. 15 Hz), then the closed-loop frequency/speed controller must be
set as slow as possible, so that it does not attempt to compensate the speed fluctuations.

- The motor torque to be generated is reduced by the drive moment of inertia, and for the
extreme case, to the arithmetic average value of the load torque. This damping effect
decreases as the speed decreases.

« For drives with a low moment of inertia and high load torque changes (e. g. a single-cylinder
reciprocating compressor), the motor cannot be simply dimensioned according to the RMS
value of the load torque and the speed control range. In this case, the rated motor torque
should be at least 80% of the maximum load torque.

« When starting loaded (open-loop controlled range), under certain circumstances, the rated
motor torque must be 130 to 150 % of the maximum load torque when starting. Vector control
with tachometer is preferably used. In this case, it is sufficient when the rated motor torque
approximately corresponds to the maximum load torque.

- If the motor and load are elastically coupled (e. g. through a belt drive), then torsional
oscillations can be generated. The excitation frequency of the load changes may not coincide
with the resonant frequency.

Drives with surge/shock loading:

- If the drive moment of inertia is appropriately high, the surge torque can briefly be a multiple of
the rated motor torque.

« If there are only low moments of inertia, the motor can be braked down to standstill when load
surges occur. Under certain circumstances, the drive can even briefly accelerate in the
opposing direction of rotation (e. g. a driven vehicle collides with a stationary vehicle). In order
to handle cases such as this, vector control with tachometer must be used in order to prevent
the motor stalling.
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Supplementary moment of inertia

By using a supplementary moment of inertia, it is possible to reduce the motor peak torques.
When using a gearbox, it makes the most sense to locate this supplementary moment of inertia at
the gearbox side with the higher speed. This results in smaller dimensions.

Calculating the motor torque

Under the assumption that the motor and load are rigidly coupled (no two-mass system with elastic
coupling) and when neglecting the electrical motor time constants, the following differential
eqguation is valid:

M
Bdﬂ + M motor = M load (t)

with
J. g (27 [
T g =—2 o 5, mech. time constant [s]
M, [60
Jiota total moment of inertia [kgm?]
M, rated motor torque [Nm]
-n .
S, = o~ rated motor slip
Mo
n, motor synchronous speed [RPM]
n, motor rated speed [RPM]

If the moment of inertia is known, for simple cases, the motor torque can be calculated.

However, this calculation assumes that the drive is not in the closed-loop speed controlled mode.
When using closed-loop speed control, depending on the setting, higher motor torques are
obtained. In the extreme case, if the speed control could keep the speed precisely constant, the
motor torque would precisely correspond to the load torque.
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Case 1l

The load torque is specified in the form of an arithmetic average value component with
superimposed oscillation:

Migaa (1) = Mgy +AM o [EN()54 )

load

Thus, the motor torque is given by:

EMow  minw,, - )

Mmotor (t) = I\/Iload + D)
\/1+ (wload |:rmech)

with
¢ = arC‘tan(a‘load |:rmet:h)
The ratio of the amplitudes is then given by:

AI\/lrrotor — 1
AM load \/1+ (wload |:rmech)z

Thus, load torque oscillations are better damped the higher the mechanical time constant, and the
higher the frequency of the load torque oscillation.

Mload, Mmot

Mload

Example of load torque oscillation with @4 o, =3
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Case 2

The load torque is a surge torque in the form of a step function. Thus, the motor torque is given
by:

t

— _Tmec
Mmotor(t)_Mloadmax qu_e h) OStSto
and

1 _tty

— T, T,
Mmotor(t)_Mloadmax Hl_e M)E e tZto
M load, M mot
M load max

v M i0ad
— 9 M

M mot max T~ mot

Example for a load surge with T ., = 3,

If Tmech is significantly longer than tg, the motor only has to provide a fraction of the maximum
load torque. In this case, the maximum motor torque can be approximately calculated as follows:

= tO
Mmotor max = Ivlload max T
mech
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Case 3

The load torque is a periodic sequence of torque steps. Thus, the motor torque is given by:

t

M motor (t) = I\/lload max + Cl @_Tmm 0 < t < tO
and

o
'vlmotor(t):C2®TmaCh t,<t<T
With

Cl = Mload max T
1-e M
_ b
_ Tirech
C2 Mloadmax +C1|} i
M load, M mot
M load max
e M load
M motmax T A, M ot
M load n “‘,7" ““““““““““““““ :“‘*<:::::::'“““““““““““‘“:,7" """"
M ) s T R
mot min
< tg D t
T

Example of a periodic sequence of load steps with T__, =25,
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If Tmech is significantly longer than tg, the maximum and minimum motor torques can be
approximately calculated as follows:

t
Mmotor max = Ivlload + Mload max ZD?mech
t
Mmotor min Mload - Mload max ZEFOmh
with
Miozd = M oad max E—E% (arithmetic average value component of the load torque)
Case 4

The load torque is specified as diagram. The following calculation procedures can be used for the
motor torque:

» The load torque characteristic can be approximated using simple functions, which can be
solved using differential equations.

» Fourier analysis of the load torque characteristic, and therefore effective as for case 1. In this
case, in addition to the basic fundamental, only the harmonics have to be taken into account,
which represent a significant proportion of the motor torque.

» Numerical integration, e. g., using the Runge Kutta technique
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Example
The load torgue characteristic of a single-cylinder reciprocating compressor can be approximately

represented as:

IVlload
M 1 s
load max Yy BN
/ \,

/ \

/ \

/ \\

// \\

// \\ . .
/ /\\ M,0aq (@PProximation)
// M \\
] load \

\
/ \
\
\\
| \
1 \
1 \
/ \\
!
/ N
2 N -
/ \ y | T~y
\ /
n.\\/ 2 T Wipaqt

21 corresponds to a crank revolution
Osaq tsT

The following is valid for the approximation:
TS Qg 1270

Mload (t) = Mload max ESin(a‘load [ﬂ)

M load (t) = 0
with
27 [h
Wioed = T”(‘)O‘” =2, g load torque oscillation frequency
gearbox ratio

Thus, the motor torque is obtained from the following differential equation
O tsT

Wi T
M, (t) = Cle “lToen 4 load max = [Hn(w,,,y O~ ¢)
\/1+(wload |:rmsch)
TS Qg 127

157

W) gqq T-17

M (1) = C [ s
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with

M

load max
C=

&ing

(1_ e Wioad Trmech ) q/l+ (wload D'HECh)Z

¢ = ar.Ctan(a‘load |:rmech)

The motor torque is now to be represented for a control range of 1:4. &4 U, ., =15 for

Nootor = Mrotor - FOT Mugtor = Notor n / 4+ @ value of 0.375 is obtained.
Iv'load,Mmot
Iv'load max Il i i
Mioad (approximation)
s
//// \\\\
s ™ M mot
// N,
/ \\
Vi N
/ \,
—_— 7/ N,
M B S W N
load / N
/ S
/ S
s N
/// \\\\\\\

Motor torque at n =n and @, 4 U,

motor motor n mech = 15

Using the M,q5q characteristic,the arithmetic average value component of the load torque is
approximately given by:

M

- load max
load
7i

M

The calculation indicates that the maximum motor torque is only approximately 65 % of the
maximum load torque.

158 Siemens AG

SIMOVERT MASTERDRIVES - Application Manual



09.99 3 Various special drive tasks

Iv'load,MmOt . .
M)oaq (@PProximation)
Iv'load max N~
/ N,
// \\
/ \
/ N
/ \
// \ M
/ \
/ \\/ mot
/ \
/ \
/ \
/ \
/ \
I/ \\
M Y N W N
load 7 A\
Il \\
/I N
/ \
/ N
/// AN
/ ) S~—__
T 27T a)loadt
an'[OI’ n
Motor torque at N, = 2 and @, M, = 0375

As a result of the low influence of the moment of inertia at low speeds, the maximum motor torque
is almost as high as the maximum load torque.

This approximation does not take into account that the load torque is also briefly negative. For low

moments of inertia, or low speeds, the motor torque can also be negative (regenerative operation).

Instead of directly solving a differential equation, the motor torque can also be calculated using
Fourier analysis. The load torque is approximated by:

Mload(t)
: 1 > cos(2v [, ., (). 0
= M (TS0 1)+ 1= 20y O D)
v=1

1_. 2 . T 2 . 1T,
= Mload max %4- E |$|rl(a)load Eﬂ) _5'[3 n(zwload [ + E) _ETEﬂn(‘]'wload [ +E)

md

(terminated after 4 terms of the progression)
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Thus, the motor torque is given by:

1 )
M oo (1) = Mg m &"' SN(W,y = 9,)
motol oal axX QT 2w1+(wload ‘:I-rreCh)Z o
2

. 7
- Gin2w, ., d-¢, +—)
SDTQ/:L-*— (zwload |:rmech)z o ’ 2

2 ) T O
- (4w, @ -9, +-)0
150701+ (400,00 yeer)? 2

with
¢1 = arCtan(a'load |:rmech)
¢2 = arCtan(za‘load |:rmech)

¢4 = arCtan(4a‘load |:rmech)

The calculation method using 4 terms of the progression practically provides the same results as
the previous direct calculation.
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3.4.2 Single-cylinder reciprocating compressor

A single-cylinder reciprocating compressor is to be operated in a speed control range from 94 to
281 RPM. A gearbox with i = 5.33 is used. The load torque characteristic is known, and the load

moment of inertia referred to the motor shaft.

load /'Nm

160

120 /

100 / \

80 \

60 /

o]
/ \

20

90 18 270 360 Crankshaft angle / degrees

-20

Load torque characteristic of a single-cylinder reciprocating compressor referred to the motor shaft

Drive data

Max. load torque referred to the motor shaft Mliad max

Min. load torque referred to the motor shaft M oad min = -15 Nm

Load moment of inertia referred to the motor shaft e = 0.0213 kgm?
Max. motor speed Ngtor max — 1200 RPM
Min. motor speed Nygtor min = 200 RPM

As there is no significant moment of inertia, a motor is required with a rated torque of at least 80%
of the maximum load torque referred to the motor shaft.

M o, =08IM2, . =08M153=1224 Nm

load max
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A 22 kW, 4-pole motor is selected (1LA5 186-4AA..)

Estimating the influence of the moment of inertia on the maximum motor torque

Total moment of inertia referred to the motor shaft:
Jitat = Jnoor + I = 015+ 0.0213 = 01713 kgnt
Rated motor slip:

_n,-n _ 15001460

= 0.0267
N, 1500
Mechanical time constant:
T, = Jioa 27 [y [, _ 01713[27 (1500[0.0267 — 00055
M, [60 144 60

Excitation frequency at Nyotor max = 1500 RPM:

_ 2T W e mex _ 27771500

wload - . = = 2947 S_l
I [60 533160
or
fo = oot = 2947 _ 6o 1y
27 27

Thus, the following is obtained for &,y O s at Nmotor max = 1500 RPM:

Mec

Crong Ty = 2947 [.005 = 0147

The basic fundamental amplitude ratio is then given by:

A Mmotor —_ 1 —_ 1 —_
oo — _ = _ =099
AMigy 1+ (W T)? V140147

The damping effect of the moment of inertia can in this case, even at maximum speed, be
neglected for the basic fundamental. This means, that the maximum motor torque, mainly
determined by the basic fundamental, is practically the same as the maximum load torque referred
to the motor shaft.
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Estimating the braking energy

*
M load

’627.5%1/
1l
180

210 Crankshaft angle/degrees

-15 NmT

Section of the load torque characteristic

The motor tracks the positive section of the load torque characteristic practically 1:1, with the
exception of a phase shift. In the negative section, the peak of the load torque is better damped as
a result of the higher frequency. In order to estimate the maximum negative motor torque, a
sinusoidal oscillation with 180/27.5 = 654 % frequency is assumed. The approximate motor torque
at the maximum motor speed is given by:

AMer = 2 Mo = o =108 Nm
J1+ (654080, [T)2 1+ (654[D147)°
The maximum braking power is given by:
P ~ A Mmotor mmotor max Ij7I’T’|0'[OI’ — 108 D-SOO [(Dglz - 155 kW
br mex 9550 9550
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Braking diagram

br

br max |

180 210 Crankshaft angle/degrees

The braking energy of a cycle corresponds to the area in the braking diagram. The braking
characteristic is given by:

Fi)r = R) |-_gn(6'54|1“load [ﬂ)

I max

Thus, the braking energy at Ny otor max = 1500 RPM is given by:

2[R
W, = 2™ = 205 _ 0161 ks = 161Ws
654k, 6542947

load

It should now be checked, as to whether the drive converter DC link can accept this energy. The
maximum amount of energy which can be accepted by the DC link for a 22 kW drive converter on
the 400 V line supply is as follows:

AW, = % [TV, — Vi) = % [2700[10°° [{820° —540°) = 5141Ws

Thus, the braking energy, which occurs during the brief regenerative phase, can be temporarily
accepted by the DC link. It is then reduced to zero in the subsequent motor operation. Thus, a
pulsed resistor is not necessary.

Drive converter selection
6SE7024-7ED61

Pyn=22kW, ly,=47A
Closed-loop frequency control
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Thermally checking the motor
As the motor torque practically corresponds to the load torque referred to the motor shaft, when

calculating the RMS motor torque, the RMS load torque can be used as basis. The load torque is
approximated using a sinusoidal half wave (as described previously under "General information").

*
M load max

0 90 180 270 360 Crankshaft angle/degrees

Approximation of the load torque characteristic

The RMS motor torque is approximately given by:

M O
M oor v = '°32" e = 123 =765 Nm

In a speed control range 1:3 for the 22 kW motor, the permissible torque for S1 duty is
approximately 111 Nm. Thus, there is sufficient reserve.

Starting under load

If a single-cylinder reciprocating compressor is to start under load, for closed-loop frequency
control, a 30 kW motor and a 30 kW drive converter are required (6SE7026-0ED61).

Siemens AG 165
SIMOVERT MASTERDRIVES - Application Manual



3 Various special drive tasks 09.99

Motor torque calculated using the Runge Kutta technique

Reciprocating compressor (n=1500 RPM, i=5.33,
Tmech=0.005 s)

160
140
120
100

80

Load torque

—— — Motor torque

Torque in Nm

60 %
I I e R I N N N e e Average value
40 ’

20

220 30 610 90 120 150 180210 240 270 300 330 360

Crankshaft angle in degrees
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3.4.3 Three-cylinder pump

A three-cylinder pump is to be operated in a control range 102 to 238 RPM. A gearbox with i = 6.11
and n = 0.97 is used. The load torque characteristic is specified and the torque at the pump shaft is

796 Nm.

M load IM load

1,4

1? \V/ AN // \\V/ AN // \\V/ AN // )
\/ \/ \/

0,8

0,6

0,4

0,2

0
0 30 60 90 120 150 180 210 240 270 300 330 360 Crankshaftangle/degrees

Load torque characteristic of the three-cylinder pump

With the average torque at the pump shaft and a gearbox efficiency of 0.97, the average torque at
the motor shaft is obtained as follows:

My . 796

M_. = =1343Nm
™ iy 611097

The load moment of inertia is not known, but can probably be neglected with respect to the motor
moment of inertia. Thus, it is assumed that the motor torque has the same ripple as the load
torque. The maximum and minimum motor torques are given by:

Mo e = 12350M _ =1235[134.3= 1659 Nm
M o in = 06860M___ = 0686[134.3= 921 Nm
Siemens AG 167
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The maximum and minimum motor speeds are given by:

r‘lmotor max = Ioad max D] 238[611 14542 RPM

n 0 =102 [611= 6232 RPM

motor min Ioad min

As result of the relatively low load torque oscillations, the RMS motor torque and the RMS load
torque can be used to dimension and select the motor. The load torque characteristic is
approximated using individual sinusoidal half waves to estimate the RMS value.

Mload I'M load

$1 P> Ps Pa 120 ¢in degrees

The load characteristic is approximated using sinusoidal half waves

The approximate RMS value is obtained as follows:

i=4
> ot e %)
M et rvs = Migad 120

With

a; = 0.235, a, =-0.061, ag=0.093, az =-0.3
(I)l = 44, (|)2 = 11, (|)3 = 24, (|)4 =41

1.0111 is obtained as the square root. Thus, the RMS motor torque is approximated as follows:
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M (10111=134.3[1.0111=1358 Nm

motor RMS ~ motor

M

If the arithmetic average value is high with respect to the oscillating torque amplitudes, then the

RMS value practically corresponds to the average value.

A 4-pole, 30 kW motor is selected due to the speed control range 1:2.33 (1LA5 207-4AA..)

Estimating the influence of the moment of inertia on the maximum motor torque

Total moment of inertia referred to the motor shaft:

Jtotal = Jmotor = 024 kgmz

Rated motor slip:

_n,—n, _1500-1465
N, 1500

=0.0233

Mechanical time constant:

T = duw 205 _ 024127 1500000233

= =00045s
ech M [60 196 (60

Excitation frequency at Nyotor max = 1454.2 RPM:

27 [h
W)y = 3O— 20T = 3527Tﬂ454'2 =748s"' (3 periods for a crankshaft revolution)
i (60 61160
and
flo = Lot = 48 _ 119

lad o 21,

Thus, g T @t Nmotor max = 1454.2 RPM is given by:

Crpng Ty = 7480.0045 = 0.336

Siemens AG
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The basic fundamental amplitude ratio is now given by:

AM .. _ 1 1
AMigy |1+ (W T)?  V1+0.3362

=095

Thus, the damping effect of the moment of inertia, even at maximum speed can be neglected for
the basic fundamental.

Selected drive converter

6SE7027-2ED61
Pyn=37kW,ly,=72A
Closed-loop frequency control type

Motor torque numerically calculated using the Runge Kutta technique

Three-cylinder pump (n=1454 RPM, i=6.11, Tmech=0.0045 s)

1,4

1,2
3
= 1
>
S Load torque
§ 0,8
s —— — Motor torque
=06
B2 e e i Average value
o
o
£ 0,4
o
g
o
50,2
o

0

0 30 60 90 120 150 180 210 240 270 300 330 360
Crankshaft angle in degrees
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3.4.4 Transport system for freight wagons

This drive is for a trolley that pushes freight wagons to form train units on a 500 m rail section. The
vehicle is driven using a fixed 37 kW AC motor with gearbox.

Trolley Wagon
Driving pulley \ v Eable
/
oo (O——~) X

O O

Eg — Gearbox Approx. 500 m rail section

Schematic of the trolley system!

For a 50 Hz motor frequency, the trolley runs at a constant velocity of 1.25 m/s towards the
wagons. The cable tension is established after a delay due to the spring effect of the steel cable. If
the wagons are braked, or if a group of several wagons doesn't accelerate quickly enough due to
the high mass, then a slip coupling between the motor and gearbox is activated when a maximum
motor torque is reached. The pulley wheel speed decreases. If the wagon group doesn’'t move or
the pulley wheel speed does not increase after a specific time, the trolley is retracted.

In order to eliminate the slip coupling, the motor is now to be fed from a drive converter. Further, in
order to save time, the trolley can be withdrawn at twice the velocity. The slip coupling is now
replaced by a closed-loop speed/torque control. If the motor torque, transferred via the cable,
reaches the set torque limit, the closed-loop speed control can no longer maintain the reference
speed, and the drive system automatically goes over into the closed-loop torque controlled mode.
The motor maintains the torque, the speed decreases, and is how defined by the load. However,
without the damping effect of the slip coupling, problems can occur as the motor-cable-wagon
combination represents a system which can oscillate. This will now be shown using the following
simplified diagram. The friction and gearbox efficiency have, in this case, been neglected.
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x1

Equivalent diagram for system behavior after the trolley has ,hit“ the wagon

X1 cable motion over the drive wheel

X2 wagon motion

V1 velocity of the cable over the drive wheel
Vo velocity of the wagon(s)

drive wheel radius

-

spring constant of the cable (dependent on the cable length)

3 O

mass of the wagon(s)

gearbox ratio
Jmotor Motor moment of inertia
no motor no-load speed at rated frequency

The following is valid for the drive wheel:

Wioad &~
I:Ioad
r

i. M motor
. (1

—i2 load
I |:Ivlmotor Ivlload I DJr’notor dtoa
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with
Miged = Fioaa O = CL{X = X,) [
v, 1
C‘)Ioad__lz_ﬂ
rr dt

The following is valid for the wagon(s):

V2
%
<] m
I:tension Q Q
— EFIVZ — 2XZ
Ftension =m dt =m dt2
with

Ftension = mel - X2)

Behavior when a wagon is braked

3 Various special drive tasks

To start of with, the behavior is investigated when the trolley hits a braked wagon. In this case,

vo=0 and x»=0. It is now assumed, that the speed remains constant due to the closed-loop speed

control, until My otor=Mmax- Thus, the following is true for this range:

w., =const=——=—"2==
toad r im0 r dt
Solution:
X, =V,
clt Ly
Mmotor = H = |]
i
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Mmotor=Mmax s reached at

i M,
t, =
cld L,

After the torque limit has been reached, My gtor=Mmax remains constant. The following is valid for

this range:
d2x1+ clr? D(1:iEI\/ImaXDT
2 12 12
dt I DJTT‘DtOY I DJH‘DtOf

Solution:

Vip iM
X, =20 [n(ay [t —t,)) +— =

a)ml
ax, _  _
E =Vy =V E:OS((‘)ml [t - tl))
with

c? . -
Oy =5 mechanical oscillation frequency
I |]JTT'DIOI’

For operation at the torque limit, undamped oscillation occurs. However, in practice there is always
some damping due to the cable friction and gearbox losses, which in this particular analysis, have
been neglected. Additional damping can be achieved by compensating the speed to the torque
limit. This compensation has, in this case, the following form:

= Ivlm.:—;\x_kD |:I\/lmaxElE: I\/lm.:-nx_kD |:’\/lm.:-me'V_l
r"O VlO

M

motor

For example, for kp=0.1, a 10 % change in the torque limit is achieved at n=ng. With this
compensation, the differential equation now has a damping component:

2 : 2 :
d>2<1+|EkDEI\/ImaXD1E_'dﬁ+.2cDT D<1:lEl\/ImaXDT
dt VlO [ﬂ |]Jmotor dt I DJmotor I |]Jmotor
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If, for example, the start of compensation is set to Myoior=0.2 Mmax. then, for non-periodic
damping, the solution is as follows:

] L iM,
X1:Cl|}HDt2)+C2|]3pzmt2)+ Cl]ax
dx, _ . _ pl-t) p.-1,)
E_Vl_clu)l@ +C,[p, [&
with
:—ﬁ+ ﬁz—a)z
P =2t (2 - oy
ik M, [
Vlo[i]ZDJmotor
iM
P, EﬂVlo [ﬂz - — ~ Vo
C1: cl
P, — P
iM
Vip ~ plmvlo [ﬂz - e
C2: cli
P.— P
. _02M,, 0
2 ey,

With the following values

r = 0.36m

c = 20000 N/m
[ = 22.5
Imotor = 1.2 kgm?
My = 483Nm
ng = 750 RPM

when the trolley hits the braked wagons and for M,5x=Mp,, the following characteristics are
obtained for the cable motion along the drive wheel X1, velocity of the cable along driving wheel v4,
the motor torque My otor @nd tension Fiension. IN order to keep the equation transparent, the
guantities are referred to the relevant nominal values:

i M
X = m“ and F,=clX,
C
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Cable velocity across the drive wheel (v1), Cable route along the drive
wheel (x1)
kD=0

x1/x10

— —vl/ivl10

Timeins

Motor torque (M Mot), tension (F tension)
kD=0
16 1

14 +
12+

| M Mot/Mn
0,8 + \
—— — F tension/Fn
0,6 +
0,4 |

0,2 +

0 1 2 3 4 5 6 7

Timeins

Behavior when the trolley hits the wagon(s) which is(are) braked. Without compensation, the
system continuously oscillates (kp=0).
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Cable velocity across the drive wheel (v1), Cable route along the drive
wheel (x1)

kD=1,4
15+

x1/x10

— —vl/vl0

0,5 7

0 1 2 3 4 5 6 7

Timeins

Motor torque (M Mot), tension (F tension)

kD=1,4
16

14+
12+

08 |
06+
04 |
02 |

F tension/Fn

—— — M Mot/Mn

-0,2 (
_0,4 €

o

A
\

N

N

w

IN

)]

o

\I

Timeins

Behavior when the vehicle impacts wagon(s) which is(are) braked. With the appropriate
compensation (e. g. kp=1.4) a non-periodic damped oscillation is obtained. Compensation starts

at Mmotor=0-2 Mmax:-
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Behavior when accelerating the wagon(s)

To start of with, the acceleration of an unbraked group of wagons will be investigated. As v, and
X2 now also change, the analytical calculation is significantly more complex. The equations are
now changed-over as follows:

a

dx,
—e = V

a0 °

dv, _cC

oK)
as well as

dv, _ . : _
e without compensation and for v, = Vv,
dv, r (i V. cli? . :
—L=—— (M, kM, BH)—5—[x —X%,)  with compensation

dt |2 |:I]r’r‘notor s il VlO |2 |:I]r’r‘notor

This equation system can be solved using the Runge Kutta technique.

Using the same numerical values as before for braked wagons, My,ax=My, and mass m of 400 t or
10 t, the following characteristics are obtained for the velocity of the cable over drive wheel v4, the
velocity of the wagon(s) vo, motor torque My, otor @nd tension Fignsion- Motor limit compensation is
again withdrawn after approx. 1.5 s using a PT1 element with a time constant of approx. 5 s;
otherwise, the motor torque during acceleration would be permanently reduced by factor kp.

The overshoot of velocity v, of the wagon(s) is certainly lower as friction has been neglected. This
effect can be significantly reduced, for example, by decreasing the setpoint to approx. 80% after
the vehicle has hit the wagon. If the motor speed again reaches this 80%, the setpaint is slowly
increased to 100% along a slow ramp (ramp-function generator). Thus, the cable tension (and also
overshoot) is reduced before the final velocity is reached.
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Cable velocity across the drive wheel (v1), velocity of the wagons (v2)

m=400 t, kD=1,4
14 ¢

12 +

1

0,8 +

v1/v10

v2/v10

0,6 +

04

0,2 +

0 - ‘ ‘ ‘ ‘ ‘ |
0 5 10 15 20 25 30

Timeins

Motor torque (M Mot), tension (F tension)
m=400t, kD=1,4

08+ /

0,6 +

0,4 + M Mot/Mn

0.2 F tension/Fn

-0,2

_0,4 L

Timeins

Behavior when accelerating the wagons with m=400 t and a compensation of kp=1.4.
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Cable velocity across the drive wheel (v1), velocity of the wagons (v2)

12 ¢

08
06 |
04 1

0,2 +

m=10 t, kD=1,4

v1/v10

v2/v10

04
03
02
01

0,5 1 1,5 2 2,5 3
Timeins

Motor torque (M Mot), tension (F tension)
m=10 t, kD=1,4

M Mot/Mn

0,1 7
02+
-0,3 +
_0,4 €

F tension/Fn

0,5 1 15 2 2,5 3

Timeins

Behavior when accelerating a wagon with m=10 t and a compensation of kp=1.4.
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Implementing the torque compensation function

q\ T
SN ( Speed controller
i " 4 Nl m
T=5s 2 ———

kDMn n

Mo

Switch S, is closed before impact. Switch S closes after impact at My, 0t0r=0.2 Mmax- S2 opens
after 1.5 s and ensures that compensation is slowly withdrawn. This can be realized, for example,
using the T100 technology board.

Selecting the motor and drive converter

The motor already exists.
Type: ABB with 1,=81 A; n,=735 RPM; Jyotor=1.2 kgm?2; n=0.93; M,=483 Nm; Mga/M=2.2

Drive converter selected:

6SE7031-0EE60

Py n=45 kW; Iy 1=92 A; Iy max=125.6 A
Closed-loop speed control

T100 technology board

Dimensioning the brake resistor

Braking energy is generated when:

a) the trolley brakes to O after it moves backwards at 2.5 m/s (twice the velocity)
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b) the trolley brakes from 1.25 m/s to 0 while moving forwards
¢) during impact

Case a)

When braking from twice the velocity in the speed range between 1500 RPM and 750 RPM, the
motor is operated in the field-weakening range. Permissible motor torque at Ny, and 130 %
safety margin from the stall torque:

M
M - Mg _ Maann 0 1y ), 220883 750, oy 0o
13 13 n 13 1500

max

For Mmotor=Mperm=constant while braking, then the maximum braking power is given by:

M )
By o =t e gy - 20841500 795 - 299 kw
9550 9550
The load moment of inertia is required to determine the braking time. The linearly-moved masses
(trolley and cable) are assumed to be 1000 kg. Then, the following is true:

J g =M =1000[0.36° = 129.6 kgn'

load

or, referred to the motor

o Jo 1296

‘Jload - i2 - 2252

= 0256 kgn?

Thus, when neglecting the friction and gearbox losses, the braking time is given by:

C (Joger ) 2T (12 +0.256) (2771500

t
o 60(M o 60204.4

=112s

Case b)

Braking from 750 RPM to 0 in the constant-flux range is to be realized in, for example, 0.5 s. Thus,
the motor torque is given by:

(Joer + Jing) 2770y _ (12 +0.256) 2770750

M oior = =2287 Nm
601, 60105
Thus, the maximum braking power is given by:
M L, 22871750
P = fmotor 0 =——————[0.93=16.7 KW
br max 9550 Ij7motor 9550
182 Siemens AG

SIMOVERT MASTERDRIVES - Application Manual



09.99 3 Various special drive tasks

Case ¢)

As can be seen from the diagrams, the most unfavorable case is when the wagon(s) is(are)
braked without torque compensation. The theoretical maximum braking power for My gtor=Mp, and
n=-ng is obtained as follows:

M, [h, 483750
P = n =
br max 9550 |]7motor 9550

(093 =353 kW

However, this value does not actually occur in practice as the cable friction and gearbox losses
were neglected. The behavior with a damping compensation of kp=1.4 is more realistic. In this
case, the maximum braking power after impact with My,otor=-0.4 M, and n=ng is given by:

_04M, Oy ) OATAS3TS0 1oy

br max — 9550 motor 9550

Thus, a maximum braking power for case a) of 29.9 kW is obtained. A braking unit with Po5=20
kW (6SE7023-2EA87-2DA0) and external brake resistor (6SE7023-2ES87-2DCO0) would be
sufficient. This allows a peak braking power of 1.5 Po7=30 kW to be achieved for 3 s.
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3.45 Drive for an eccentric press

A press drive with a 160 kW DC motor and n, = 2400 RPM is to be replaced by a three-phase
drive. The DC motor speed control range is 436 RPM (setting-up speed) up to 2400 RPM
(maximum speed).

Flywheel

N

Simplified function schematic

Drive data

Max. pressing force 25 mm before lower end stop Fload max = 10000 kN

Max. deforming work W max = 250 kWs

Diameter of the motor pulley wheel Dm =300 mm

Diameter of the drive wheel Dg = 1670 mm

Moment of inertia of the flywheel Jg = 2845 kgm?2

Crank radius r =470 mm
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Effective crank angle during impact Ogt = 18.8 degrees
Number of strokes at 436 RPM (crawl speed npip) Zmin = 4/min
Number of strokes at 873 RPM (base speed ng) Zg = 8/min
Number of strokes at 2400 RPM (max. speed Nyax) Zmax = 22/min
Required accelerating time from 0 to Ny, ax th <60s
Required braking (deceleration) time from ny,ax to 0 tpr <60s

Using this drive data, it has to be checked whether a 4-pole 160 kW induction motor is suitable for
the press drive.

Motor data

1LAG 316-4AA; n,=1485 RPM; M,;=1030 NM; J;11016:=3-2 KgM2; N1t =0.958:
Mstan=2.7 Mp; Imotor n=275 A

The average motor power at maximum speed and an assumed press efficiency of 0.8:

5 W, [z 250KWs(22 RPM _ 250[22
motor average 0_8 |:60

=1146 kW

n press n press

As far as the average power is concerned, this motor is adequate. However, the behavior during
impact as well as the RMS motor loading should now be investigated.

Calculating the ratios

The ratio between the motor and gearbox is obtained as follows:

|S:%:%:557
M

The total ratio between the motor and the crank wheel is obtained from the number of teeth as
follows:

o = 2222270 - 10083

e300 19 31
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Calculating the load torque

In the following calculation, the press efficiency, additional frictional forces and the moment of
inertia of the gear are neglected. Further, it is assumed that the load force is constant during
impact.

\w load

F+: Tangential force

h: Ram displacement during pressing

load max

DTE—]M h=r[{1-cosay)

= FT = FI
cosf

oad max
For I/r >> 1, or for a small angle a, the equation for M,y is simplified as follows:
Mload = FT ¥ = Floadmax [ [$ina

For a=04=18.8 degrees, the maximum load torque referred to the motor is obtained as follows:

M * _ I:Ioad max
load max —

G Eng. 10000KN 0.47[8n(18.80—-)
== =14.73kNm

i 102.83
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The motor cannot produce this torque. It must be provided by the flywheel.

Calculating the mechanical time constant:

_J R2nah, &,
ech M, (60
With
. _ Jg _ 2845 _ N
J = Tz + J