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CHAPTER 1 DEFINITION OF LIFTING OPERATION AND POINTS ABOUT CAPACITY

11

1.2
@)

2

3)

SELECTION

Definition of Lifting Operation

Operation patterns are largely classified by operation time into constant-speed long operation and
repeated short operation. The former is referred to as "continuous operation" and the latter as "cyclic
operation", and lifting operation belongs to cyclic operation. A feature of lifting operations is that the load
characteristic differs with the direction of rotation. That is, there are two modes: positive load (generally
during lifting) and negative load (generally during lowering). For lifting operation, it is especially important
to examine regenerative energy under negative load.

<Data required for selection> Technical Note No. 22 "Capacity Selection: Data Section".

Points about Capacity Selection

Regenerative energy must be handled.

Under negative load, the motor is rotated by the load. Basically, the motor is driven (rotated at more than
the synchronous speed) by the energy of the load and its power is returned to the inverter. To handle this
regenerative energy, the use of a brake unit or power return converter must be examined.

Large starting torque is needed at a low frequency.

To prevent the load from slipping down due to insufficient starting torque of the motor at the start of lifting
(positive load), it is necessary to select the motor and inverter which provide sufficient starting torque.
Particularly, the optimum inverter (open-loop) is the FR-A500 series inverter which uses advanced
magnetic flux vector control to allow low-speed torque to be increased.

Mechanical safety brake is required.
A mechanical safety brake must be used with the lifter to hold the load while stopped.



CHAPTER 2

2.1 Selection Flowchart

Examination of
machine
specifications

Load power
calculation

Temporary selection of
motor capacity

Temporary selection of
inverter capacity

Calculation of:
Whether motor can be
started or not
Whether low-speed
operation can be

performed or not
Whether high-speed
operation can be
performed or not

Can the motor be started?
YES

Calculation of
acceleration torque
(whether acceleration is

possible or not)

Is acceleration possible?
YES

To the next page

SELECTION PROCEDURE

Selection Outi Refer To
election Outline Page
. W xV 5
Required power (PL) = 6120 x 1 [kW]
(1) Select the motor capacity which is more than the re- 5
quired power.
(2) Increase the motor capacity to increase starting 5
torque.
(1) Select the inverter equivalent to the motor capacity. 5
(2) Increase the inverter capacity to increase acceleration
torque.
(1) Motor starting torque 5
Twms > load torque at start (Tis)
(2) Motor torque at low speed 6
Tm x am % & > load torque (Tv)
6
(3) Motor torque at high speed
Tm x am > load torque (Tv)
Acceleration torque 7
Yy GD? xN
Ta=5F——— Nem
*T382xta [(N-m]
375 [kgfem]
Ta : Acceleration torque
ta : Acceleration time [s]
Examination of whether acceleration can be made or not 8

Tamax
—<
T™m
oa : Acceleration torque coefficient




From the preceding page

Selection Outli Refer To
election Outline Page
Calculation of Deceleration torque 8
deceleration torque SGD? xN
(whether deceleration is Td = 382 %t [Nem]
possible or not) 37'5 [kgfem]
Td : Deceleration torque
ta : Deceleration time [s]
> Temporary selection of
brake unit Tdmax <Brin 8
NO Twm
Is deceleration possible? Bmin: Brake torque coefficient
YES (Temporarily select the brake unit and power return built-
in inverter in accordance with the Technical Note No. 22.
Examman‘on of (1) Check the short-time permissible power. 9, 10
regenerative power Winy < Was
NO (2) Check the continuous permissible power. 9,10
——< Can brake unit be used Winvx t/tc < Wre .
thermally? Winv : Power returned to the inverter
YES t : Time when negative load torque is applied [s]
tc  : Time of whole 1 cycle [s]
© Determination of brake
system
Thermal examination | .| Motor equivalent current value 12,13
of the motor
’Z(In2 x tn)
. . . = [— L < 0%
Motor, inverter, braking unit e Z(Cnxtn) 100 [%]

Note: The units are in the S| systems of units.
The half-tone screen indicates the gravitational systems of units.




2.2 Specification Symbols Related to the Load and Operation Required for Selection

Table 2.1 Specification Symbol/Unit List

Specifications Symbol S| Systems of Units Gravitational Systems of Units
Machine side Required power PL kw kW
specifications Motor capacity Pwm kW kw
Number of motor poles P — —
Motor speed N r/min rpm
Frequency f Hz Hz
Moving velocity V m/min m/min
Load weight W kgf kgf
Machine efficiency n — —
Friction coefficient u — —
Load torque converted into the To Nem kgfem
equivalent value at the motor shaft
Load torque at start converted into the Tis Nem kgfem
equivalent value at the motor shaft
Load GD’ converted into the equivalent GD% kgfem? kgfem?
value at the motor shaft
GD? of mechanical brake converted into GD% kgfem? kgfem?
the equivalent value at the motor shaft
Cycle time (1 cycle) tc s s
Time in each operation zone tn s s
Acceleration time ta S S
Deceleration time td S S
Acceleration Acc m/s’® m/s’
Specifications Rated motor speed Nm r/min rpm
used for Rated motor torque Tu Nem kgfem
examination Maximum motor starting torque Tus Nem kgfem
Acceleration torque Ta Nem kgfem
Deceleration torque Td Nem kgfem
Load torque factor TF % %
Motor GD* GD’m kgfem® kgfem®
Short-time maximum torque coefficient Om — —
Maximum starting torque coefficient as — —
Linear acceleration torque coefficient Oa — —
Brake torque coefficient (general term) B — —
Heat coefficient o — —
Cooling coefficient C — —
Motor current | % %
Motor equivalent current value Imc % %
Regenerative Average power absorbed by the motor Whw W w
power Average power returned to the inverter Winv W w
Average power returned from the ma- WhwecH w w
chine
Continuous permissible power of the Wre w w
brake unit
Short-time permissible power per Wrs w w
operation of the brake unit
Stopping Stopping time tb s s
accuracy Stopping distance S mm mm
Stopping accuracy Ae mm mm




CHAPTER 3 SELECTION PROCEDURE

3.1 Calculation of Load Power

The general way of finding the Power required for the load (P.) is by the following formula:

_ WxV where
PL = 6120%xn (kW] W : Load weight (moving object weight) [kgf]
V : Moving velocity [m/min]
n : Machine efficiency

3.2 Temporary Selection of Motor and Inverter

)

)

3.3

Temporary selection of motor capacity
Temporarily select the motor capacity (Pw) larger than the required power (PL).

Temporarily selected motor capacity (Pv) = P. x ap [kW] ap: 0.5t0 2.0

When V/F control is selected or GD” is large, for example, it is recommended to temporarily select the
coefficient of 1.0 or more as ap.

If the motor speed (N) during rated load drive is less than the rated motor speed (Nwm), the motor torque
cannot be utilized to the maximum and the motor capacity increases as indicated by formula (3.2):

Temporarily selected motor capacity (Pm) = P x ap X Nu/N [kW]

Temporary selection of inverter capacity
Temporarily select the inverter capacity identical to the temporarily selected motor capacity.

Temporarily selected inverter capacity (Pinv) = temporarily selected motor capacity (Pm) [KW]

When the acceleration torque required is expected to be greater than 1.4 times of the stationary load
torque, temporarily select the inverter capacity one rank higher than the motor capacity.

Examination of Whether the Motor Can be Started or Not

As the inverter-driven motor is accelerated with the current held within the overcurrent limit (150%, 1
minute) of the inverter at start and during acceleration, the starting torque and acceleration torque are
smaller than those in direct-on line starting with a commercial power supply. Especially during lifting, the
motor torque must be made larger than the load torque to prevent the load from slipping down when the
mechanical holding brake is released.

Twms > Tis
Tus=Tm X as x O

Tms : Maximum motor starting torque

Short-time maximum motor torque x & at the starting frequency
(Refer to Technical Note No. 22.)

as : Maximum starting torque coefficient

0 : Heat coefficient (Refer to Technical Note No. 22)

Tws : Load torque at start
Under the influence of static friction, torque for starting motion in a static state is larger than the
stationary load torque. Determine this value after making a full examination of the mechanical
system.
Under regenerative load, make calculation by setting the machine efficiency (n) to 1 and the
friction coefficient (u) to O to take safety into consideration.



3.4
)

)

3.5

)

Acceleration (Acc) indicates that velocity increases with time when an object begins to move and velocity
decreases with time when that object stops. Thus, it is said there is acceleration when velocity varies with
time and the magnitude of acceleration is represented by the variation of velocity per second. If this ve-
locity increases by 9.8m per second then this acceleration is represented by G, 1G = 9.8m/s’.

Examination of Whether Low-speed and High-Speed Operations Can Be Performed or Not

Whether low-speed operation can be performed or not

Low-speed operation is determined by the minimum frequency fmin and required stopping accuracy of the
operation pattern.

When fmin is less than 6Hz, the lifting torque characteristic reduces remarkably and cannot be used
practically. In this case, reconsider the motor capacity, machine gearbox reduction ratio, etc. so that fmin
is within the range of 6 to 120Hz.

A

fl
Lifting
f2
(Driving characteristic)
Frequency >
. Time
Lowering
(Regenerative
characteristic)
fl
Fig. 3.1 Y Operation Pattern

Suppose that f2 (low-speed running frequency during lifting) = 6Hz.
Low-speed operation can be performed if the following condition is satisfied:

Tuxoamxd>TL

om : Short-time maximum torque coefficient

Timax: Maximum. load torque [Nem] [kgfem]

Under regenerative load, make calculation by setting the machine efficiency (n) to 1 and the friction
coefficient (U) to O to take safety into consideration.

Whether high-speed operation can be performed or not
When the maximum frequency is 60Hz or more, high-speed operation can be performed if the following
condition is satisfied at the maximum frequency:

Tmx am>TL

Om : Short-time maximum torque coefficient at fmax

Examination of Whether Acceleration/Deceleration Is Possible or Not

When the motor is accelerated by the inverter, there are two modes: linear acceleration and non-linear
acceleration. For an application which requires one-cycle time to be kept or for a lift, use linear
acceleration for examination.

Deceleration torque is defined as [-Td] since it is a negative load relative to acceleration torque. The
torque required for deceleration is found by adding load torque to the deceleration torque, check whether
the temporarily selected combination of motor and inverter provides sufficient brake torque or not.

Acceleration time (ta)
Represents a period of time required to accelerate from a stop state to the maximum motor speed (Nmax)
(maximum moving velocity (Vmax)).

Vmax

ta= 60 x Acc [s]

Note




(2) Acceleration torque (Ta)
Acceleration torque (Ta) is found by the following formulas:

<SI systems of units> <Gravitational systems of units>
— z GD? X Nmax . — z GD? x Nmax .
Ta= “3gox@m M Ta= “a75xgm KoMl

Y GD? : Sum total of GD? converted into the equivalent value at the motor shaft
= GD’m + GD% + GD%
(Motor) (Brake) (Load)

(3) Deceleration time (td)

_ Vmax
d= 60 x Acc [s]

(4) Deceleration torque (Td)
Deceleration torque (Td) is found by the following formulas:

<SI systems of units> <Gravitational systems of units>
— ZGD2 X Nmax . — z GD2 X Nmax .
Td= S5 oxtg  NM Td= “575%g koMl

(5) Torque applied to the motor in each operation region
When the operation pattern is assumed to be as shown in Fig. 3.2, find the torque applied to the motor in
each of the operation regions 1) to 8).

777 N1
Lifting
N2
A/ LLLASSTT A=
///// N2 Time
Lowering
N1 ///
i)t | & ta g ts J te f t7 ] ta | o tio
A N M S R N Sk g
< tc = 1 cycle [s] 2>

Fig. 3.2 Operation Pattern

The torque applied to the motor in each operation region during vertical lift operation is as follows:

S| systems of units [Nem]
Gravitational systems of
units [kgfem]

Llftlng l) Taup = Tat + Tuwp + Tfrup

2) Tou = Tuwp + Tfrup

3) Tdup = —=Taz + Tuwp + Tfrup

4) Tou = Tuwp + Tfrup

Lowering 5) Tadn = Ta2 + Tudn + Tfran

6) Tio = Tudn + Tfran

7) Tddn = —Td2 + Tudn + Tfran .
Under regenerative load, calculate
8) Tio = Tudn + Tfren Tuup and Tuan With negative signs.

Torque applied to

Region the motor [Nem]




<SI systems of units> < Gravitational systems of units>

Where: Where:
Unbalance torque during lifting (lowering): Unbalance torque during lifting (lowering):
-3 -3
T = (Ton) = W XGXAS X107 oy Tow = (Tuan) = W XIXBSXI07 ey
2XTI%n 2XTI%n
Friction torque of drive section during lifting Friction torque of drive section during lifting
(lowering): (lowering):
-3 -3
Throp = (Thran) = WX W XQXBS X0~ ) T = (Thran) = WX WGBS X10 ° ey
2XTX 2XTX
Machine efficiency of drive section: n Machine efficiency of drive section: n
Moving amount per motor revolution: AS [mm] Moving amount per motor revolution: AS [mm]
Load weight: W Load weight: W
Acceleration of gravity: g
Under regenerative load, make calculation by Under regenerative load, make calculation by
setting n to 1 and p to 0O to take safety into setting n to 1 and p to 0O to take safety into
consideration. consideration.
Acceleration torque during lifting ~ :Tai [Nem] Acceleration torque during lifting ~ :Tax [kgfem]
Acceleration torque during lowering :Taz [Nem] Acceleration torque during lowering :Taz [kgfem]
Deceleration torque during lifting ~ :Td1 [Nem] Deceleration torque during lifting ~ :Td: [kgfem]
Deceleration torque during lowering :Td2 [Nem] Deceleration torque during lowering :Td2 [kgfem]

(6) Whether acceleration is possible or not
Make sure that the temporarily selected motor output torque is larger than the torque required for
acceleration.
The maximum torque (Tamax) required for acceleration is either of Tau in region 1) and Taun in region 5),
which is larger.

Motor output torque Torque required for acceleration
Tm x 0a > Tamax

Linear acceleration torque coefficient aa is as follows:
Tamax

Twm

Tamax : Max. torque required for acceleration

Twax : Maximum value of load torque converted into the equivalent value at the motor shaft

Tm : Rated motor torque

aa : Linear acceleration torque coefficient (refer to Technical Note No. 22)

Note: Regenerative acceleration is made when Tauw < 0 and Tadn < 0. In this case, the maximum
torque required for regeneration is judged by whether deceleration is possible or not. Hence,
the judgment of whether acceleration is possible or not is not needed here.




(7) Whether deceleration is possible or not
Make sure that the brake torque developed by the temporarily selected motor-inverter combination is
larger than the torque required for deceleration.
The maximum torque Tdmax required for deceleration is either of Tdu in region 3 and Tdan in region 7,
which is smaller.

Torque needed for deceleration Brake torque of temporarily selected
motor-inverter combination
|Td max| < Tm x Bmin

The deceleration torque coefficient {3 at this time is:
|Td maxl

Twm

Tdmax : Maximum torque required for deceleration

Tw : Rated motor torque

Bmin : Minimum value of deceleration torque coefficient

(Refer to Technical Note No. 22.)

Note: Driving deceleration is made when Tduw > 0 and Tadn > 0. In this case, the maximum torque
required for driving is judged by whether acceleration is possible or not. Hence, the judgment of
whether deceleration is possible or not is not needed here.

If the above formula cannot be satisfied, increase the braking torque of the motor-inverter combination by
the following means. (Refer to Technical Note No. 22.)

(a) Use an external brake resistor or brake unit.

(b) Use the power return built-in inverter (FR-A201).

— Note

How to find the deceleration torque coefficient

o
=}
P
N
(=}

For the deceleration torque coefficient (Bmin),

select the smaller value of the torque coefficient 32

at 6Hz and the torque coefficient 1 at the maxi-

mum operating frequency (fmax) in the over-60Hz B2
region. B2

Frequency (Hz)
fmax

\

41

|




3.6 Examination of Regenerative Power (Thermal Examination of Brake Unit)

(1) Regenerative power in each operation zone
Assuming that the operation pattern is as shown in Fig. 3.2, find the average regenerative power
returned to the inverter (W) during one-cycle time (tc) and make sure that the resultant value is within
the power consumption limit of the brake (the continuous permissible power of the braking unit (Wrc) and
the short-time permissible power per operation of the braking unit (Wrs)) to determine whether the
braking unit can be used thermally or not.

Torque and regenerative power (power in the negative power zone) in each operation zone during lifting
operation are as follows:

<SI systems of units> <Gravitational systems of units>
Region Regenerative Power [W] Region Regenerative Power [W]

1) Wi =0.1047 x % X Taup 1) Wi1=1027 x % X Taup

2) W2 =0.1047 x N1 x Twu 2) W2 =1027 xN1x Tw

3) Wa=01047 x N2 3) W3 =1027 x Nl;Nz X Toup

4) Wa =0.1047 x N2 x Twy 4) Wa =1027 xN2 x T

5) We = 0.1047 x % X Tadn 5) We = 1027 x % X Tadn

6) W~ =0.1047 x N1 x Tio 6) W7 =1027 xN1x Tio

7 We =01047 x N2 7 We=1027 x N2 o r,

8) Wos =0.1047 x N2 x Tip 8) Ws =1027 x N2 x Tio

-10-



(2) Thermal examination
Calculate the average power returned from the load [WwecH] by the following formula:

WhmecH = —|Z(Wn x o)
2in Wl (Refer to Fig. 3.2)

Note that Wh % ta and tn are calculated for only the regions where power becomes negative.
The average power returned to the inverter during one cycle (Wiw) is:

Winv = WwecH x 0.9 [W]

Here, the average power returned to the inverter (Wiv) during single-cycle operation time (tc) is
compared with the power absorbed by the brake resistor (Wrc and Wrs) for analysis:

where Wrc : Continuous permissible power of the brake unit
(refer to Chapter 3 Braking Capability Data in Technical
Note 22.)

Note that Wh % ta and tn are calculated for only the regions where power becomes negative.

Winv X ? < Wrc
c

where Wrs : Short-time permissible power per operation of the brake unit
Winv < Wrs (refer to Chapter 3 Braking Capability Data in Technical
Note 22.)

Note: Also perform the following check on the zones where the severest regenerative operation is
performed (especially zones 6 and 7 in Fig. 3.2):

Wn x 0.9 < Wrs

where Wn : Power in the corresponding zone [W] Time (seconds)
Wkrs : Short-time permissible power at operation time (tn)
in the corresponding zone [W]
(Refer to Fig. 3.3 and Chapter 3 Braking Capability tn
Data in Technical Note 22.)

Note

Types of regenerative braking systems

*When the inverter capacity is small and regenerative energy is small, power is temporarily charged in
the smoothing capacitor. This system is called capacitor-regenerative system and used for upto
0.4kW or less.

*When a medium capacity inverter is used, the current flows to a resistor where it is converted to heat.
This system is called resistor-regenerative system. When regenerative energy increases, the resistor
size increases and the influence of heat generation on the surroundings must be noted.

*When the inverter capacity is large and regenerative energy is large, regenerative power is returned
to the power supply. This system is called_power supply-regenerative system.

It is recommended to adopt this system when the continuous regenerative period is long, or a motor
larger than a 15kW motor is used for a lifting operation.

11—



3.7 Thermal Examination of the Motor

(1) Operation pattern
When the frequency of starts is particularly high or long operation is performed at low speed for a lifter,
find the current in each operation zone during cycle time and make sure that the average (RMS) current
found by root-mean-squaring all currents is within the rated current value of the motor.

f1

Lifting f2

(Positive load) )
- Time

\ Lowering /_‘

(Negative load)
| —

t7 ts| to t1o

/ Aty -
W Is l10 .
& Time

Fig. 3.4 Example of Operation Pattern

If the following formula is satisfied in Fig. 3.4, the motor can be used thermally.

I2t1+122t2+K K Hn’tn
= < 0,
e ‘/Cltl"‘ Cat+K K +Cntn 100 %]
Imc : Motor equivalent current value in consideration of the cooling coefficient  [%)]
1, I2, ... In : Current characteristics in operation zones tu, tz,...tn [%6]
C1, C2, ... Cn : Cooling coefficients for frequencies in operation zones ti, t2,...th

Note: Make judgment at 50% when the cyclic operation mode of the vector inverter (FR-V200E) has
been selected.

(2) How to find motor currents Iu, Iz, ... In (%)
(a) Find the load torque factor in each operation zone.

Zone Time Torque Supplied to the Load Load Torque Curren_t . Cooling Co-
Characteristic .
[s] [kgfem] [9%6] efficient
[%]

During t1 Taup = Tar+Tuuwp+Tfrup TF = I C1
lifting t2,ta Tw = Tuup+Tfrup TF = 2,14 C2,Cs

t3 Taup = =Ta1+Tuup+Tfrup TF = Is Cs
During ts $adn i $a2+;|—-lli;n+Tfrdn TE ls Cs
lowering | "t TLD - ;J_d” T Fan T TF = 17,10 C7,Cs

ts ddn = —Td2+ Tudn+T1rdn TE ls Cs
During | . 16 T =0 TF=0 ls = o= 0 Cs,Cio
stop

—12—




(b) Find the load torque factor.

torque supplied to the load
rated torque of the motor (Tw)

Load torque factor (TF) = x 100 [%]

In the constant-output region (region above the base frequency, e.g. 60 to 120Hz) of the motor, the
load torque factor (TF) is as follows:

Load torque factor above the base frequency
TF = torgue supplied to the load N running frequency
" rated torque of the motor (Tw) base frequency

x100 [%]

(c) How to find the motor current
Refer to (Motor and Brake Characteristics) in Technical Note No. 22 and find the motor current [%]
corresponding to the load torque factor found in (b).
If the maximum frequency is higher than the base frequency of the inverter during
acceleration/deceleration, multiply the found motor current value [%] by the current compensation
coefficient ((Motor and Brake Characteristics) in Technical Note No. 22).

(3) How to find the cooling coefficients C1, Cz, .. Cn
Refer to (Motor and Brake Characteristics) in Technical Note No. 22.

—— Note

If the average current is nearly 100%:

When a general-purpose motor is driven by the inverter, the motor current increases (about 1.1 times) to
provide the same torque as when it is driven with the commercial power supply.

When the equivalent current value of the motor reaches 100%, that of the inverter-driven motor is about
110% therefore a general-purpose motor does not have thermal allowance. Hence, it is necessary

to fully examine the load conditions and operation duty.

-13—



3.8 Stopping Accuracy

As all lifts have a mechanical brake for holding, stopping accuracy depends on the characteristics of the
mechanical brake. Also, stopping accuracy can be improved by reducing the minimum velocity (fmin) of
the inverter. However, fmin must be 6Hz or higher. Hence, the frequency at the minimum velocity (fmin)
should be found from the characteristics of the mechanical brake and the required stopping accuracy as
described below, and if fmin is less than 6Hz, the operating frequency range of the inverter must be re-
viewed.

(1) How to find the stopping distance

[r/min]  [m/min]

Nmax Vimax -
S
Lifting /— s
Nmin Vmin —————— 7
Motor speed / /y >
Time
Nmin Vmin pr—=————— — "_'_'r'__ —_——— T T T
Lowering
N Vi = o o o — — ]  — 4 —— — =
max max N to ,r. ti - tol ,:" tu
>
Ca .

to to

Fig. 3.5 Example of Speed Pattern

Generally, distance S between a stop command and a stop is found by the following formula:

Vmin 1 Vmin
60 560
_ ZGD? xNmin

T 38.2x(Te+TL)

S=( xt11)x10°

t11

(The sign of TL is positive for driving and negative for regeneration.)

S : Stopping distance [mm]

Vmin : Velocity at low-speed frequency (fmin) [m/min]

Nmin : Motor speed at low-speed frequency (fmin) [r/min]

Ts : Braking torque of the mechanical brake [Nem]

to1 : Operation delay time of the mechanical brake (including the delay time of the relay) [s]

(2) Stopping accuracy
Stopping accuracy is the variation range of the above stopping distance (S) and is especially affected by
Vmin, tor and Te. To decrease the stopping distance (S), it is effective to reduce the minimum velocity
(Vmin).
Stopping accuracy is generally found by the following formula in consideration of the variation ranges of
the above factors:

Stopping accuracy Ag = i% [mm]

—14—



CHAPTER 4 SPECIFIC SELECTION EXAMPLES

4.1 Selection Example 1) <With counterweight> [SI Systems of Units]

1. Machine Conditions Required for Examination

(1) Voltage and frequency V] [Hz]
of the power supply

(2) Required power PL (When unknown, refer 2.2.) [kW]

(3) Operating speed range Nmin 180 t0 Nmax 1800 | [r/min]

of the motor

(4) Number of motor poles P

(5) Operating frequency range fmin E to fmax [Hz]

(6) Weight of the drive section w
(a) Lift case's own weight Wr [kof]
(b) Lifter load during lifting Wiwp [kof]
(c) Lifter load during lowering  Wowan [kof]
(d) Counterweight We [kof]
(e) Chain weight WeH [kof]
(f) Chain eccentric load Wes [kof]
(g) Pulley average diameter  Ds [m]
(h) Pulley-rope friction 3l

coefficient
(7) Lifting velocity Vmin t0 Vmax [m/min]
(8) Machine efficiency n

of the drive section

(9) Load torque converted into the equivalent value at the motor shaft
(a) Load torque during lifting Tw (When unknown, refer 2.1.) [Nem]
(b) Load torque during lowering Tio (When unknown, refer 2.1.) [Nem]

Hence, make the following calculation on the assumption that maximum torque
Timax = [Nem].

(10) Load GD’ converted into the equivalent value at the motor shaft
(@) GD’ of the lift table GD*wr  (When unknown, refer 2.1.) [kgfem?’]
(b) Lifter load during lifting GD*wwe  (When unknown, refer 2.1.) [kgfem?’]
(c) Lifter load during lowering GD*wian  (When unknown, refer 2.1.) [kgfem?’]
(d) GD? of the counterweight GD*c  (When unknown, refer 2.1.) [kgfem?’]
(e) GD?wuan of chain weight GD*wian  (When unknown, refer 2.1.) [kgfem’]
() GD? of the mechanical brake GD’s, etc. [kgfem’]

Total load converted into the equivalent value at the motor shaft during lifting GD?.up
= {GD?wr + GD’wup + GD?*wc + GD?wcH}

=| 00620 |+| 0.0845 |+| 01268 |+| 0.0099 |
- 0.2832 [kgfem’]

Total load converted into the equivalent value at the motor shaft during lowering GD?.an
= {GD?wr + GD’widn + GD?*wc + GD?wcH}

=| 00620 |+| 0.0845 |+| 01268 |+| 0.0099 |

= 02832 [kgfem’]
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(11) Operation pattern

(a) Acceleration time ta
(b) Deceleration time td
(c) Time of one cycle tc

Lifting velocity

i

Wl

[s]
[s]
[s]

>
Time
_ta td
Lowering velocity B 1) - 2) ‘3) ’A) 5) 18
i1 | t2 ]t3 ] t4 t5 | .t6 ] 6 t7 _ IS) 19| t10
=2 =3.2 =18 =1 =4 =2 =3.2 =18 =1 =4

< tc=1cycle 24 [s]

Electromagnetic brake .

Reduction gear
\ Motor
MC [:l;
O~
NFB Chain Weight
'/-\ \ (WCH)
Lif(tvt/e;t))le N Counterweight
Inverter ;/ (We)
/ Aé
Load
(W)
Up/down
Brake unit

Fig. 4.1 General Structure of the Lift
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2.1 Calculation of Load

)

)

®3)

(4)

Pulley speed (N2)

N2=V/(mxDs)=| 30/(mx048) |=] 19.9 |[r/min]

Reduction ratio of the reduction gear (n)

Supposing that the motor is P and is run at Hz, N1 = [r/min]
n=NuJ/N2=| 1800/19.9 |=| 905 |

Moving distance of the lift per motor revolution (AS)

xDs . s x| 048 | . .
AS = x10° =—————x10" = 16.7
n 167 | fmm]

Calculation of load GD?
(@) GD?wr of the lift table
GD*wr = Wis x (V/TN1)?
=12200x(30/ (mx1800))° |=| 0.0620 | [kgfem?]
(b) GD?wwup of lifter load during lifting
GD*wiwp = Wiup x (V/TN1)
=[3000 % (30 / (1x1800))% |=| 0.0845 | [kgfem?
(c) GD?wuan of lifter load during lowering
GD*widn = Widn x (V/TiN1)*
= 0x(30/ (m*1800))° | =| 0 | [kgfem?]
(d) GDwc of the counterweight
GD*wc = Wec x (V/TiN1)°
= (4500 % (30 / (1 x1800))? | =| 0.1268 | [kgfem?]
(e) GD’cw of chain
GD%H = Wen x (V/TiN1)°
=| 350x(30/(rx1800)% |=| 0.0099 | [kgfem?
Total load converted into the equivalent value at the motor shaft during lifting
GDwp = GD’wr + GD*wiLup + GD’wc + GDwen
=| 00620 |+| 0.0845 |+| 01268 |+| 0.0099 |
=| 0.2832 |[kgfem’]
Total load converted into the equivalent value at the motor shaft during lowering
GD’tn = GD?wr + GD?wLan + GD?we + GDwen

=| 00620 |+| 0.0845 |+| 01268 |+| 0.0099 |

=| 0.2832 |[kgfem’]
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(5) Calculation of load torque converted into the equivalent value at the motor shaft (Tv.)

(a) During lifting
(Wr + Wuwp) = We: Wup = (Wr + Wi + Wes) — We

=[ (2200 + 3000 +300 ) — 4500 |=| 1000 | [kdf]
(Wr + Wuwp) < We: Wep = (Wr + W) — (We + Wes)
= = ——— |[kdfl

* When Wwp =0
Tw = Tuwp + Tfrup
_ WupxgxASx1073 . 1 x Waup X g x AS x1072

2XTIXN 2XTIXn
_ | 1000x9.8x16.7x107° . 0.085 x 10000 x 9.8 x16.7 x10~°
- 2x1x0.9 2x1mx0.9
= 29.0 |+ 246 |=| 536 |[Nem]

» When Wup < 0 (To take safety into consideration, make calculation by setting the machine
efficiency (n) to 1 and the friction coefficient (u) to 0.)
Tw = Tuuwp X r]2 + Tfrup

Wup 9.8 x AS x107° 0xWaup x9.8xAS x107

- 2
2 X TIX xI" + 2 X TIX

- 0

where,  Tuw : Unbalance torque during lifting [Nem]
Tfrup : Friction torque of drive section during lifting [Nem]
Waup: Total weight during lifting (Wt + Wwwp + Wes + We) [kgf]
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(b) During lowering
(Wr + Wuan) = We: Wan = We — (Wt + Wian + Wes)

= 4500 — (2200 + 3000 +300) |=| —1000 | [kdf]
(Wr + Wuan) < We: Wan = (We + Wes) — (Wt + Wian)

= = ———— |[kdf]

* When Wan 20

Tiwo = Tudn + Tfran
_ Wi xgxASx107° +p><Wau|n><g><AS><10‘3
- 2XTIXN 2 X TIX N

=| |+ =] | [Nem]
* When Wan < 0 (To take safety into consideration, make calculation by setting the machine
efficiency (n) to 1 and the friction coefficient (u) to 0.)
T = Tudn X r]2 + Tfran

Win x g x AS x107° , | 0xWamxgxASx10~°
B T 2xTx10

2x1mx10

-1000 x 9.8 x16.7 x107®

— 2 - o
- SRR ko= 261 | pem

where,  Tuan : Unbalance torque during lowering [Nem]
Tfran : Friction torque of drive section during lowering [Nem]
Waun: Total weight during lowering (Wt + Wuan + Wes + We) [kgf]

Hence, make the following calculation with the max. load torque Timax = [Nem].
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2.2 Selection of motor capacity

)

)

®3)

4

Required power of the load
W xV .
P.=———— (W is larger of |Wup| and |Wan|)
6120 xh
1000 % 30
= —————— | =| 545 |k
6120 x 0.9 545 _J[kW]

Temporary selection of motor capacity (Pwm)
Pv=ap x P. (ap=0.5t0 2.0)

=l 10 |x[ 545 |=| 545 |[kw]O Select [kW].
GD?’ of the motor, etc.
Motor GD’w = [kgfem?]  (For the 11kW 4P motor)

GD?s of the mechanical brake

Motor GD’ = [kgfem’]  Note that the brake is the NB- 15C

Total GD*p converted into the equivalent value at the motor shaft during lifting
GDw=GDm+GD%s+GDw =| 028 |+| 015 |+| 0.2832 |

=| 07132 |[kgfem’]

Total GD’n converted into the equivalent value at the motor shaft during lowering
GD%n=GD™m+GD%s +GD4w =| 028 |+| 015 |+| 0.2832 |

=| 07132 |[kgfem’]

2.3 Temporary selection of inverter capacity

)

)

®3)

4

Rated torque (Tw) of the temporarily selected motor (60Hz rating basis)
9550 x Pwm 9550 x11
Tv = = = 5836 |[N-
M Nu 1800 58.36 [Nem]
Temporary selection of the inverter capacity

According to the motor capacity, select the | FR-A520-11K |.

Determination of the torque type

According to the motor and inverter temporarily selected, the torque type is 15A1 with
reference to Technical Note No. 22. (Advanced magnetic flux vector control)

Maximum starting torque coefficient as =
Linear acceleration torque coefficient aa =
Hot coefficient o =

Operating frequency range of the temporarily selected inverter

According to f = motor speed x number of motor poles

120

Frequency corresponding to the maximum speed

Nmax X P 1800 % 4
frac = Tm AP = H
" 120 120 [Hz]
Frequency corresponding to the minimum speed

N min X P 180x 4

120 120 [Hz]
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2.4 Whether the Motor Can Be Started and Run at Low Speed or Not

(1) Motor starting torque (Tms) = Tm X Os X 0 = | 58.36 x15%x0.94 |=| 82.3

| [Nem]

(For as and g, refer to Technical Note No. 22.)

(2) Supposing that load torque at start (Tcs) = maximum load torque (Timax)

“ Judgment of whether the motor can be started or not \‘

Tis=| 536 |<Tws=| 623 |

(3) Short-time maximum torque at fmin (6Hz or more)
Twi=Tuxomxo=| 5836 x15x0.94 |=[ 823 |[Nem]
(For am and o, refer to Technical Note No. 22.)

\ Judgment of whether low-speed operation can be performed or not \

Tis=| 536 |<Tw=| 823 |
Tis=| 536 |<Tws=| 823 |

2.5 Whether Acceleration/Deceleration is Possible or Not

(1) Acceleration torque during lifting (Taz)

GD?Lup+ GD?w + GD?8) % Nmax 0.7132 x 1800
= (60w # B0 OD) - =[ 168 | [Nm]
382 %X ta 38.2x2.0
(2) Deceleration torque during lifting (Tdx)
GD?Lup+ GD?m + GD?8) X Nmax 0.7132 x1800
= (60> OD u * D) - = 168 | [Nem]
38.2 xtd 38.2x2.0
(3) Acceleration torque during lowering (Taz)
GD?Lin+ GD?w + GD?8) x Nmax 0.7132 x 1800
= {67t B0 u + SD) - x2890 | = [Nem)
382 % ta 38.2x2.0
(4) Deceleration torque during lowering (Td2)
GD?Lin+ GD?m + GD?8) X Nmax 0.7132 x1800
= (6D * OD w * D) - - [Nem)
38.2 xtd 38.2x2.0
(5) Torque applied to the motor in each region
Region Torque applied to the motor [Nem]
Lifting 1) |Taw=Ta+Tw=| 168+536 |=| 704 |
2) Tw =
3 [Tdw=-Ta+Tw=| -16.8+53.6 |=| 368 |
4 |Tw =
Lowering 5 |Tam=Ta+Tw=| 168-261 |=| -9.3 |
6) |[Tw =
7)) |Tdin=-Ta+Tw=| -16.8-26.1 |=| —429 |
8 |Tw =
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(6) Torque required for acceleration and deceleration

(a)

(b)

(©)

Torque coefficient required for acceleration during rising (o)
Tamax 70.4

Tm 58.36
Tamax is either of Tauw in region 1 and Tadn in region 5, which is larger.
Note that regenerative acceleration is made when Taw < 0 and Tadan < 0. In this case, the
maximum torque required for regeneration is judged by whether deceleration is possible or
not. Hence, the judgment of whether acceleration is possible or not is not needed here.

“ Analysis of whether acceleration is possible or not \‘

Gaxo=| 14 |x| 094 |sa=| 1.21

Oa: Linear acceleration torque coefficient
0: Heat coefficient (refer to Technical Note No. 22.)

Torque coefficient required for deceleration during lowering ()
[Tdma | 42.9
T | 5836
Tdmax is either of Tdu in region 3 and Tdan in region 7, which is smaller.
Note that driving deceleration is made when Tduw > 0 and Tdan > 0. In this case, the maximum

torque required for driving is judged by whether acceleration is possible or not. Hence, the
judgment of whether deceleration is possible or not is not needed here.

= 0.74

Temporary selection of the brake unit

The torque type of the | FR-BU-15K  |is| 10B  |.
<Refer to the braking capability data in Technical Note No. 22.>

“ Analysis of whether deceleration is possible or not \‘
Bun=| 1.0 |>p=| 074 |

Bmin: Brake torque coefficient (minimum value)
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2.6 Examination of Thermal Capacity of the Brake Unit
(1) Operation pattern

/7
Velocity /?me / /
NN SVT /
Time
Lowenr%
1) 2) 3 | 4 5 | g 8)
t1 | t2 t3 | ta | t5 | t6 t7 | t9 10
=2 =3.2 =18 =1 ‘=4"= o —3.2’=l.’8 =l’ =4’
Torque //// /
Grr il (777 522;/
/////:j//] Time
11
12 14 17 8 19
Current 13 / 16 / 5 E Z /7
Time
< tc =24 [s] >
Fig. 4.2 Example of Operation Pattern
(2) Formulas for calculating the regenerative power in each operation zone
Zone Regenerative Power [W]
1) N
Wi = 0.1047 x — XTas = 0.1047 x(1800/ 2) x 70.4 | = | 6634 |
2)
W2 = 0.1047 xNi x Tw = |0.1047 x 1800 x 53.6 | =| 10101 |
3) N1 + N2
W= 01047 x ——— x Tap = [0.1047 x(1800 + 180) /2% 36.8 | = | 3814 |
4)
We = 0.1047 x N2 x Tw = |0.1047 x 180 x53.6 | = [ 1010
5) N
We = 0.1047 x> x Tan = |0.1047 x (1800/2) x (-9.3) | = [ -876 |
6)
W7 = 0.1047 x N1 x Tio = |0.1047 x 1800 x (-26.1) | = | 4919 |
7 N1 + N2
We = 0.1047 X ~—— x Taan = | 0.1047 x (1800 + 180) / 2 x (-42.9) | =| -4447 |
8)
Ws = 0.1047 x N2 x Tio = |0.1047 x 180 x (-26.1) | =| -492 |
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(3) Calculation of power
« Power returned from the load [WwmecH]

WhiiecH = |Z(W” xt”)| From zones in 1) to 8), calculate Wn and tn only in zone 5), 6), 7), 8)
2tn where power is negative.

|(-876) x 2 +(~4919) x 3.2 + (~4447) x 18 + (-492) x 1|

= 5 = 3249 [W]

* Power returned to the inverter

Winv = Wivech x 0.9 = | 3249 % 0.9 | = | 2924 | [W]
(4) Short-time permissible power per operation of the braking unit Whks = 5400 W]
BU-15K (For Wks, refer to Technical Note No. 22.)

“ Judgment of short-time permissible power \‘

Winv = 2924 <Whks = 5400

(5) Checking the continuous average regenerative power

ti+t+ ...+t 8
Winyx === = | 2024 x5 | =[ 975 |[W]

(tr to ta is the sum total of times when power is negative in operation zones 1) to 8))

(6) Continuous permissible power Whre (refer to Technical Note No. 22) = 1200 [W]

“ Judgment of continuous permissible power\‘

Wi = <Wee= [ 1200

C

(7) Checking the short-time permissible power in the continuous regenerative operation zone

Wh x 0.9 = 2924 < Whks (for 8 seconds) = 5400

(For Wrs for 8 seconds, refer to Technical Note No. 22.)

2.7 Examination of Whether the Motor Can Be Used Thermally
(1) Required motor torque, load torque factor and current characteristic (%)

Torque Supplied Load Torque Current Cooling
to the Load Factor [%] Characteristic [%0] Coefficient

During t1 Tawp =Tar+ Tru
rising =170.4 | TF=| 1206 1I1=[ 119 cl=| 0.76

t |Tw =[53.6 12 = 93 c2=| 1.0
ta TE=| 91.8 14 = 93 ca=| 04
t3 Tawp =—Tdar+ Ty

=368 [|JTF=[ 631 | 3= 73 | |c3=] 080 |

During te |[Taon =Ta2+ Tip

Zone

falling =[-9.3 | TF=][ 159 16 = C6 =
tr |Tw =|-26.1 \ 17 = 59 C7= 1.0
to TF=| 447 9=| 59 co=| 04
ts Tdan =—Td2 + Tip
= —42.9 | TF=| 735 18 = cs=[_ 0.80

Note: Motor torque used is the above calculated value.
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(2) Motor equivalent current value (Imc)

/|12 xti+ 1’ Xto....... + 0’ X tn

Cixti+Cextot+ ...+ CnXtn

Imc =

[(119° x 2 +93° x 3.2 + 73° x1.8 + 93" x1) + (44°x 2 + 59° x 3.2 + 79° x 1.8 +59° x1)
= \/ (0.76 x2 +1.0 x3.2 + 0.8 x1.8 + 0.4 x1 + 0.4 x4) + (0.76 x2 +1.0 3.2 +0.8 x1.8 +0.4 x1 + 0.4 x4)

74240 + 29726 322.4
= = = 79_8 < 0,
8.16+8.16 404 100%

2.8 Examination of Stopping Accuracy
(1) Characteristics of the brake

According to Technical Note No. 22, the characteristics of the mechanical brake \ NB-15C
are:
* Rated braking torque :Te = 147 [Nem]
» Delay time (independent off) : to: = [s]
* Brake GD’ :GD%® = [kgfem?’]
(2) Stopping accuracy when the motor running at a slow speed (creep speed), and is brought to a stop

Stopping time (tv) =toi+tn
for+ (GD.? + GDw? + GDg?) x Nmin
1
382 x(Te+Tv)

7132 x1
= [ 0025 |+ 0.7132 x180

38.2 x (147 -26.1)

=] 0.025 + 0.028 |

= 0.053 [s] where,
(Stopping time during lowering) T.: Load torque during lifting (Twu)
: Load torque during lowering (Twp)

\Y

. . Vmin min 1
Stopping distance (S) = So1+ S11= (tor X —— + tuux —— x =) x 10°
pping (S) 01+ S11=(to1 50 11 50 2)

=(]0025 x3/60 | +| 0028 x3/60 x1/2 ) x10°

= 1.950 [mm]

Guideline of stopping accuracy (Ag) =+S/2=| 1.950/2 |=+| 0.98 |[mm]

2.9 Determination of the Models

According to the above examination results, the recommended models are as follows:

Motor : 11kW 4P
Inverter : FR-A520-11K

(Control system: Advanced magnetic flux vector control)
Braking unit : BU-15K
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4.2 Selection Example 2) <Without counterweight> [Gravitational Systems of Units]

1. Machine Conditions Required for Examination

(1) Voltage and frequency V] [Hz]
of the power supply

(2) Required power P. (When unknown, refer 2.2.) [kW]

(3) Operating speed range Nmin 180 t0 Nmax 1800 | [rpm]

of the motor

(4) Number of motor poles P

(5) Operating frequency range fmin E tO fmax [Hz]

(6) Weight of the drive section W
(a) Lift table own weight Wr [kgf]
(b) Lifter load during lifting Wi [kgf]
(c) Lifter load during lowering  Wudn E [kaf]
(d) Counterweight We | —— k]
(e) Chain weight Wt [kgf]
(f) Chain eccentric load Wes [kaf]
(g) Pulley average diameter Ds [m]
(h) Pulley-rope friction U

coefficient
(7) Lifting velocity Vimin t0 Vimax [m/min]
(8) Machine efficiency n

of the drive section
(9) Load torque converted into the equivalent value at the motor shaft

(a) Load torque during lifting  Tw (When unknown, refer 2.1.) 2.573 [kgfem]
(b) Load torque during lowering Tro  (When unknown, refer 2.1.) —1.699 | [kgfem]

Hence, make the following calculation on the assumption that maximum torque

Timax = 2.573 [kgf°m]

(10) Load GD’ converted into the equivalent value at the motor shaft

(@) GD’of the lift table GDwr  (When unknown, refer 2.1.) [kgfemn?]
(b) Lifter load during lifting GD’wp  (When unknown, refer 2.1.) [kgfemn?]
(c) Lifter load during lowering GD’win  (When unknown, refer 2.1) | ——— | [kgfem?]
(d) GD?’ of the counterweight GDwc  (When unknown, refer 2.1) |  ——— | [kgfem?]
(e) Chain weight GD’wex  (When unknown, refer 2.1.) [kgfemn’]
() GD?’ of the mechanical brake GD?, etc. [kgfemn’]

Total load GD’ converted into the equivalent value at the motor shaft GD*.up
= {GDZWT + GD’wLwp + GD*we + GD?weH }

=| 00113 |+| 00070 |+ —— |+| 0.0056 |
=[ 0.02248 [kgfem’]

Total load converted into the equivalent value at the motor shaft during lowering GD?Lan
= {GD’wr + GD’wLdn + GD?*wc + GD’wch }

=[ 00113 |+] 0 '+ —— ]+| 0.0056 |
=[ 0.0169 [kgfem’]
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(11) Operation pattern
(a) Acceleration time
(b) Deceleration time
(c) Time of one cycle

ta [s]
td [s]
tc [s]

Lifting velocity ////// v —_—

I TzA] T

ta
Lowering velocity | 1) 2) ) |7 4) 5) Nl 9
tl t2 t3] 14 t5 t6 6 (7 8] t9 t 10
=1 =51 =09 =10 =40 =1.0 =51 =09 =10 =40
tc=1cycle
24 1sl
Electromagnetic brake .
Reduction gear
\ Motor
MC T
5 N
NFB
N\ o~
Lift case N
WT
Inverter (W) /
Load
(W)
Up/down
Brake unit

Fig. 4.3 General Structure of the Lift
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2. Calculation of Load Specifications Required for Calculation
2.1 Determination of reduction ratio
(1) Pulley speed (N2)
N2 = V/(rtix Ds) = | 30/(1rx 0.10614) | = | 90  |[rpm]
(2) Reduction ratio of the reduction gear (n)
Supposing that the motor is P and is run at Hz, N1 = [rpm]

n=Ni/N2=| 1800/90 |=] 20 \
(3) Moving distance of the lift per motor revolution (AS)

1% Ds 3 _ x| 0.10614 3
AS = x10° =—————x10"=| 16.7
- [mm]

(4) Calculation of load GD?

(a) GDwr of the lift case
GD’wr = Wis x (V/TN1)?

=[400x(30/(x1800))? |=| 0.0113 |[kgfm’]
(b) GD’wwup of the lift load
GDZWLup = W X (V/T[Nl)2
=[250%(30/(x1800))* | = 0.0070 | [kgfem?]
(c) GDwwan oOf lifter load during lowering
GD’widan = Wian x (V/TiN1)
=] 0x(30/(r=1800))% | =| 0 | [kgfem?]
(d) GD’wc of the counterweight
GD’we = We x (V/TiN1)?
= oood

(e) GD’cn of chain
GD’ch = Wen x (V/TiN1)®
=| 200x%(30/(mx1800)% |=| 0.0056 | [kgfem?
Total load converted into the equivalent value at the motor shaft during lifting
GDwp = GDwr + GD*wLup + GD’we + GDwen
=| 00113 |+ 00070 |+ OOO |+| 0.0056 |
= 0.0239 | [kgfem’]
Total load converted into the equivalent value at the motor shaft during lowering
GD%un = GD’wr + GD*wLan + GD?we + GD?wen

000 | [kgfem?

= 00113 |+| 0 '+ OO0 |+| 00056 |
=| 0.0169 |[kgfem’]
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(5) Calculation of load torque converted into the equivalent value at the motor shaft (Tv.)

(a) During lifting
(Wr + Wuwp) = We: Wup = (Wr + Wi + Wes) — We

= (400 + 250 +150)—0 |=| 800  |[kof]
(Wr + Wuwp) < We: Wep = (Wr + W) — (We + Wes)
= =] ——— | kdfl

* When Wwp =0
Tw = Tuwp + Tfrup
_ WupxASx107 L HxWauw xAS x107®

2XTXn 2XTIX
| 800x16.7x107 . 0.09 x 800 x16.7 x107°
- 2x71x0.9 2x1x0.9
= 236 |+ 0213 |=| 2573 |[kgfm]

* When Wup < 0 (To take safety into consideration, make calculations by setting the machine
efficiency (n) to 1 and the friction coefficient (u) to 0.)
Tw = Tuuwp X r]2 + Tfrup

Wop x AS x1073 0 x Waup x AS x107°

= — 2
2 X TIX X"+ 2 X TIX

- 0= | ighm

where,  Tuw : Unbalance torque during lifting [kgfem]
Tfrup : Friction torque of drive section during lifting [kgfem]
Waup: Total weight during lifting [kgf]

—29—




(b) During lowering
(Wr + Wuan) = We: Wan = We — (Wt + Wian + Wes)

= 0— (400 + 150 ) =] 550 | [kgf]
(Wr + Wuan) < We: Wan = (We + Wes) — (Wt + Wian)
= | = ——— |[kdf]

e When Wan =0

Tio = Tudn + Tfran
_ Wi xAS x107° N 1 x Wadn x AS x1072
- 2XTIXN 2XTIXnN

= +

=| | +] = | kgfem]
* When Wan < 0 (To take safety into consideration, make calculation by setting the machine
efficiency (n) to 1 and the friction coefficient (u) to 0.)
T = Tudn X r]2 + Tfran

Woan x AS x1073 0 x Wadn x AS x1073

= — 2
2 X TIX <"+ 2 X TIX

-550 x16.7 x107®

— 2 — 5
= XTI 10 x?+0=| -1.463 | [kgfem]

where,  Tudan : Unbalance torque during lowering [kgfem]
Tfran : Friction torque of drive section during lowering [kgfem]
Waun: Total weight during lowering [kgf]

Hence, make the following calculation with the max. load torque (Timax) = 2.573 [Nem].
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2.2 Selection of motor capacity

)

)

3)

(4)

Required power of the load
W xV .
Po=—— (Wi s larger of |Wu| and |Wan|)
6120 x n
800 x 30
| 6120%x09 | 436 _[[kW]

Temporary selection of motor capacity (Pwv)
Pu=ap x P. (ap=0.5t0 2.0)

= 1.5 x| 436 |=| 654 |[kw]O Select [KW].
GD? of the motor, etc.
Motor GD*w = [kgfem’]  (For the 7.5kW 4P motor)

GD’s of the mechanical brake

GD%&=| 0.062 |[kgfem? Note that the brake is the NB-|  7.5C |

Total GD’w converted into the equivalent value at the motor shaft during lifting is:

GD’=GDM+GD%s+GDwp =| 016 |+| 0062 |+| 0.0239 |

= [kgfem’]
Total GD’a converted into the equivalent value at the motor shaft during lowering is:
GD’»n =GD™m + GD%s +GDw =| 016 |+[ 0062 |+| 0.0169 |

= [kgfem’]

2.3 Temporary selection of inverter capacity

@)

)

3)

(4)

Rated torque (Twm) of the temporarily selected motor (60Hz rating basis)
974 xPw 974 x7.5
Tu = - - kgfe
v Nw 1800 [kgfem]
Temporary selection of the inverter capacity

According to the motor capacity, select the | FR-A520-7.5K |.

Determination of the torque type

According to the motor and inverter temporarily selected, the torque type is 15A0 with
reference to Technical Note No. 22. (V/F control large boost)

Maximum starting torque coefficient as =
Linear acceleration torque coefficient aa =
Hot coefficient o =

Operating frequency range of the temporarily selected inverter
motor speed x number of motor poles

According to f=

120

Frequency corresponding to the maximum speed

Nmax X P 1800 x 4

"~ 120 120 [Hz]

Frequency corresponding to the minimum speed

N min X P 180%x 4
frin = = =L 6 M
™~ T120 120 [Hz]
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2.4 Whether the Motor Can Be Started and Run at Low Speed or Not

(1) Motor starting torque (Tws) = Tux asx o =| 406 x1.1x0.85 |=| 3796 |
(For as and o, refer to Technical Note No. 22.)

(2) Supposing that load torque at start (Tts) = maximum load torque (Timax)

“ Analysis of whether the motor can be started or not \‘

Tis = 2.573 < Twms = 3.796

(3) Short-time maximum torque at fmin (6Hz or more)

Twi=Tuxomxo=| 406 x1.1x085 |=][ 3796 |[kgfem]
(For am and o, refer to Technical Note No. 22.)

| Analysis of whether low-speed operation can be performed or not |

Tis = 2.573 <Twm = 3.796
Tis = 2.573 <Twms = 3.796

2.5 Whether Acceleration/Deceleration Is possible or Not
(1) Acceleration torque during lifting (Taz)

_ (GDZL +GD%m + GDZB) xNmax | 0.2459 x1800 | _
- 375 x ta = “Soexio |- 11803 ] [kgfm]

(2) Deceleration torque during lifting (Tdx)

_ (GD?. + GD?m + GD%) x Nmax _ | 0.2459 x1800 | _ kgferm]

375 x td 375 x1.0
(38) Acceleration torque during lowering (Taz)
(GD?Lin+ GD?w + GD?8) X N max 0.2389 x1800
= = =| 1.1467 | [kgfem]
375 xta 375 x 1.0

(4) Deceleration torque during lowering (Tdz)

:(GDZLdn+GD2M+GDZB)XNmax _ | 0.2389x1800 | _ 11467 | [kgfem]

375 X td 375 x1.0

(5) Torgue applied to the motor in each region

Region Torque applied to the motor [kgfem]

Lifting 1)  |Tap =Tar+Tw=| 1.1803+2573 |=| 3753 |
2) |Tw =
3) |Taw =-Ta+Tw=|-1.1803 +2.573 |=| 1.393 |
4 |Tw =

Lowering 5)  |Tan =Taz+ Two=| 1.1467-1.463 |=| -0.316 |
6) |Tw =
7) | Tan =-Ta2+ Tio=| —1.1467 —1.463 |=| -2.610 |
8 |Tw =
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(6) Torque required for acceleration and deceleration

(a)

(b)

(©)

Torque coefficient required for acceleration during lifting ()
Tamax 3.753

Tm 4.06
Tamax is either of Tauw in region 1 and Tadn in region 5, which is larger.
Note that regenerative acceleration is made when Taw < 0 and Tadan < 0. In this case, the
maximum torque required for regeneration is judged by whether deceleration is possible or
not. Hence, the judgment of whether acceleration is possible or not is not needed here.

“ Analysis of whether acceleration is possible or not \‘

daxo=| 11 x| 085 |s>a=| 0924 |

oa: Linear acceleration torque coefficient (torque boost large)
0: Heat coefficient (refer to Technical Note No. 22.)

Torque coefficient required for deceleration during lowering ()

| Td ma 2.610
= = 0.643

Twm 4.06

Tdmax is either of Tdu in region 3 and Tdan in region 7, which is smaller.

Note that driving deceleration is made when Tduw > 0 and Tdan > 0. In this case, the maximum
torque required for driving is judged by whether acceleration is possible or not. Hence, the
judgment of whether deceleration is possible or not is not needed here.

Temporary selection of the brake unit

The torque type of the | FR-ABR-7.5K |is| 10B .
<Refer to the braking capability data in Technical Note No. 22.>

| Judgment of whether deceleration can be made or not|

Bun=| 1.0 |>p=[ 0643 |

Bmin: Brake torque coefficient (minimum value)
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2.6 Examination of Thermal Capacity of the Brake Unit

)

Operation pattern

77 7
. Lifting
SN V% I Ve /.

e

1 2) 3 | 4 5) 6) Nl 9
BN PN LN BN PREIN FLUN PR N B S N P N
=10 =51 =09 =10 =40 =10 =51 =09 =10 =40

wn VT Y

///{_/A//J Time

w V770 277700 )7

Time

< tc =24 [s]

v

Fig. 4.4 Example of Operation Pattern

(2) Formulae for calculating torque and regenerative power in each operation zone
Zone Regenerative Power [W]
1) N
Wi = 1.027 x 71 x Tap = [ 1.027 x (1800 2) x 3.753 | = [ 3469 |
2)
W2 =1.027 x Nu x Tw = | 1.027 x 1800 x 2.573 | = | 4756 |
3) N1+ No
Ws = 1.027 x ——— x Taw = | 1.027 x (1800 + 180) /2 x 1.393 | = | 1416
4)
Wi = 1.027 x N2 xTw = |1.027 x180 x2573 | =[ 476 |
5) N1
Ws = 1.027 x>~ x Tasn = | 1.027 x (1800 / 2) x (-0.316) | =| 292 |
6)
W7 = 1,027 x Nu x Tio = | 1.027 x 1800 x (-1.463) | = | -2705 |
7) N: + N2
Ws = 1.027 x ———— x Taun =| 1.027 x (1800 + 180) / 2 x (-2.610) | =[ —2654
8)
Ws =1.027 x N2 x Two = |1.027 x 180 x (-1.463) |= [-270 |
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3)

4

(®)

(6)

()

Calculation of power
* Power returned from the load [WwmecH]

Whgen= |Z(Wn x tn) From zones 1) to 8), calculate Wn and t» only in the zones where power
Ztn is negative.

|(-292)x1.0+(-2705)x 5.1+ (-2654)x 0.9 +(~270) x1.0|

) 1.0+51+0.9+1.0 = 2093 (W]

* Power returned to the inverter

Winv = Whiech x 0.9 = | 2093 x 0.9 | = | 1884 | [W]
Short-time permissible power per operation of the braking unit Whks = 16500 W]
FR-BU-15K (8 seconds) (For Wks, refer to Technical Note No. 22.)

“ Analysis of short-time permissible power \‘

Winv = 1884 < Whks = 16500

Checking the continuous average regenerative power
et +tn 1884 x 1.0+51+09+1.0 = 628 W

te 24
(t2 to ta is the sum total of times when power is negative in operation zones 1) to 8))

Winv

Continuous permissible power Whrec (refer to Technical Note No. 22) = [W]

“ Analysis of continuous permissible power \‘

t
Wi x = = 628 | <Wrc=

C

Checking the short-time permissible power in the continuous regenerative operation zone

Wh x 0.9 = 1884 < Wks (for 8 seconds) = 16500

(For Wks during 8 seconds, for to Technical Note No. 22.)

2.7 Examination of Whether the Motor Can Be Used Thermally

(1) Required motor torque, load torque factor and current characteristic (%)
Zone Torque Supplied Load Torque Curre;nt_ Coollirllg
to the Load Factor [%] Characteristic [%] Coefficient
During tt [Tau =Tar+ Tw
rising o =[3.753 | TE=] 92.4 11= Cl=
t |[Tw =|2573 \ 12 = 72 c2=| 1.0
ta TF=| 634 14 = 72 Ca=| 04
ts Taw =—=Tar+Tw
o =[1.393 || TF=[ 343 13 = C3=
During te |Tad =Ta2+ T
falling n  =|-0.316 | TE=| 7.8 6= 51 c6=| 0.76
7 |[Tw =[-1.463 | 7= 60 c7=| 1.0
to TF=| 36.0 19 = 60 Co= 0.4
te Tad =-Td2+ T
n  =[-2.610 | TF=[ 64.2 18 = C8=

Note: Motor torque used is the above calculated value.
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(2) Motor equivalent current value (Iwc)

[°xt+°Xta....... + In® X tn
e = Cixti+Cextot+ ...+ CnXtn

B (94% x1+ 727 x51+59% x0.9 + 72% x1) +(51° x1+ 60° x51+ 74” x0.9 + 60° x1)
(0.76 x1+10x51+0.8%09+04 x1+04 x4) +(0.76 x1+10x51+0.8x0.9+0.4 x1+0.4 x 4)
_ /43591 +29489 _ 270.3 _

858 +858 414 < 100%
2.8 Examination of Stopping Accuracy
(1) Characteristics of the brake
According to Technical Note No. 22, the characteristics of the mechanical brake \ NB-7.5C
are:
« Rated braking torque 1 Te = [kgfem]
* Delay time (independent off) : to = [s]
* Brake GD? :GD% = [kgfem?]
(2) Stopping accuracy when the motor running at low speed (creep speed) is brought to a stop
Stopping time (tv) =to1+ tu1

. (GD/* + GDwm? + GDs?) X Nmin
375 x (Ts + TL)

_ 0.036 . 0.2389 x180

375 x (7.5 - 1.463)

=to1

= 0036 |+ 0019 |

= 0.055 where,

Tu: Load torque during lifting (Twu)
: Load torque during lowering (Twpo)

. . Vmin Vmin 1
Stopping distance (S) = So1 + S11= (to1 X —— + tuu X —— x =) x 10°
pping (S) =So1+ S11=(toa 50 11 50 2)

=(]10036 x3/60 |+ | 0019 x3/60 x1/2 ) x10°

] -
Guideline of stopping accuracy (Ag) =+S/2=| 2.28/2 |=+| 1.14  |[mm]

2.9 Determination of the Models

According to the above examination results, the recommended models are as follows:

Motor : 7.5kW 4P
Inverter : FR-A520-7.5K

(Control system: V/F control)
Braking unit : FR-BU-15K

FR-BR-15K
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APPENDIX 1)

CALCULATION SHEETS <SI Systems of Units>
1. Machine Conditions Required for Examination
(1) Voltage and frequency I \Y L 1[Hz
of the power supply
(2) Required power P (When unknown, refer 2.2.) ] [kW]

(3) Operating speed range Nmin S t0 Nmax S [r/min]

of the motor
(4) Number of motor poles S P
(5) Operating frequency range fmin S to fmax S[Hz]

(6) Weight of the drive section w
(a) Lift table's own weight Wr I
(b) Lifter load during lifting Wiwp ] [kof]
(c) Lifter load during lowering  Wuan I

(d) Counterweight We L Jkof]
(e) Chain weight WeH L [kdf]
(f) Chain eccentric load Wes L [kf]
(g) Pulley average diameter  Ds : [m]
(h) Pulley-rope friction i ]

coefficient
(7) Lifting velocity Vmin : t0 Vmax : [m/min]
(8) Machine efficiency n ]

of the drive section

(9) Load torque converted into the equivalent value at the motor shaft
(a) Load torque during lifting ~ Tw (When unknown, refer 2.1.) ] [Nem]
(b) Load torque during lowering Teo  (When unknown, refer 2.1.) ] [Nem]

Hence, make the following calculation on the assumption that maximum torque
Te=|  |[Nem].

(10) Load GD’ converted into the equivalent value at the motor shaft
(@) GD’ of the lift case GD*r  (When unknown, refer 2.1.) L Jkgfem?
(b) Lifter load during lifting GD*wiwp  (When unknown, refer 2.1.) L J[kgfem?
(c) Lifter load during lowering GD?wian  (When unknown, refer 2.1.) ] [kgfem?’]

(d) GD?of the counterweightGD?*wc (When unknown, refer 2.1.) [ |[kgfm?
(e) Chain weight GD’wer (When unknown, refer 2.1.) [ |[kgfm?
() GD? of the mechanical brake GD’s, etc. | [kgfm?

Total load converted into the equivalent value at the motor shaft during lifting GD?.up
= {GD?wr + GD’wup + GD?*wc + GD?wcH}

= | +| | +| | +| |
=] [kgfem’]

Total load converted into the equivalent value at the motor shaft during lowering GD?.an
= {GD?wr + GD’widn + GD?*wc + GD?wcH}

= |+ |+ |+ |

=] [kgfem’]
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<SI| Systems of Units>

(11) Operation pattern
(a) Acceleration time
(b) Deceleration time
(c) Time of one cycle

Lifting velocity

Lowering velocity

ta
td
tc

)

0

L sl
L sl
L sl

v

ta td

< a
1) 2) )| 4 5) 7)1 8
t1 t2 t3 ta ts te | 6) t7 lts to

tio

-

»a

tc=1cycle

Fig. App.1 General Structure of the Lift

_38—



<SI| Systems of Units>

2.1 Calculation of Load Specifications Required for Calculation

1)

)

3)

4

Pulley speed (N2)
N2 = V/(rtx Ds) = | /( x ) =] | [r/min]
Reduction ratio of the reduction gear (n)
Supposing that the motor is S P and is run at S Hz, N1 = : [r/min]
n=Nu/Nz=| / | =| |
Moving distance of the lift per motor revolution (AS)
mtxDs X

o=

AS = x10% =

Calculation of load GD?

(a) GD’wr of the lift table
GD’wr = Wis x (V/TN1)?

= = | [kgfem’]
(b) GD’wwup of lifter load during lifting
GDZWLup = W X (V/T[Nl)2
= = | [kgfem’]
(c) GDwwan of lifter load during lowering
GD’widan = Wian x (V/TiN1)
- | =| | [kgfem’]
(d) GD’wc of the counterweight
GD’we = We x (V/TiN1)?
- | =| | [kgfem’]
(e) GD’ch of chain
GD’ch = Wen x (V/TiN1)®
- | =| | [kgfem’]

Total load converted into the equivalent value at the motor shaft during lifting
GDwp = GDwr + GD*wLup + GD’we + GDwen

= | +| | +| | +| |
= ]kgfem?]

Total load converted into the equivalent value at the motor shaft during lowering
GD%un = GD’wr + GD?*wian + GD?we + GD?wen

= |+ [+ |+ |

= ][kgfem’]
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<SI| Systems of Units>

(5) Calculation of load torque converted into the equivalent value at the motor shaft (Tv.)

(a) During lifting
(Wt + W) = We: Wup = (Wt + Wewp + Wes) — We

= | = | [kgf]
(Wt + Wiwp) < We: Wup = (Wt + Wewp) — (We + Wes)
= | = | [kgf]

* When Wuyp =0
Tw = Tuw + Tfrup
_ WuypxASx107° LB x Waup X AS x1072
- 2XTIXnN 2XTIX0N

= +

= |+ =] | [Nem]
* When Wy < 0 (To take safety into consideration, make calculation by setting the machine
efficiency (n) to 1 and the friction coefficient (u) to 0.)
Tw = Tuw X r]2 + Tfrup

Wup x AS %1072 0 x Wauw x AS x107

= _— 2
oxmx10 | *T T 2xTx10

- N —

where,  Tuw : Unbalance torque during lifting [Nem]
Tfru : Friction torque of drive section during lifting [Nem]
Waup: Total weight during lifting [kgf]
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<SI| Systems of Units>

(b) During lowering
(Wt + Wudn) = We: Wan = We — (Wt + Wian + Wes)

| [kaf]

(Wt + Widn) < We: Wan = (We + Wes) — (Wt + Wiadn)

* When Wan =0
Two = Tudn + Tfran
_ Wi xASx107° N 1 x Wadn x AS x107°
- 2XTIXnN 2XTIXnN

= +

=| |+ = | [Nem]

* When Wan < 0 (To take safety into consideration, make calculation by setting the machine

efficiency (n) to 1 and the friction coefficient (u) to 0.)
Tio = Tudn X r]2 + Tfran

Win X AS x1073 0 x Wadn x AS x107°

= — 2
2xT[xr] X"+ 2xT[xr]

- S —

where,  Tuan : Unbalance torque during lowering [Nem]
Tfran : Friction torque of drive section during lowering [Nem]
Wauan: Total weight during lowering [kgf]

Hence, make the following calculation with the max. load torque (Timax) = : [Nem].

| [kaf]
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<SI| Systems of Units>

2.2 Selection of motor capacity

1)

)

®3)

“4)

Required power of the load
W xV .
P.=——— (W s larger of |Wup| and |Wan|)
6120 xn

- S —

Temporary selection of motor capacity (Pwm)
Pv=ap x P. (ap=0.5t0 2.0)

= | x| | =] kW] O Select|  J[kw].
GD? of the motor, etc.
Motor GDm=| | [kgfm] (Forthe kW P motor)

GD?s of the mechanical brake

Motor GD==| | [kgfm] Note that the brake isthe NB-_ |,

Total GD%p converted into the equivalent value at the motor shaft during lifting is:

GD%p = GD? + GD% + GDwp =| |+ |+ | |
= Jkgfm]

Total GD’n converted into the equivalent value at the motor shaft during lowering is:

GD%n = GD? + GD% + GD%an = | |+ |+ | |

= ][kgfem’]

2.3 Temporary selection of inverter capacity

)

)

®3)

4

Rated torque (Tw) of the temporarily selected motor (60Hz rating basis)
Ty = 22 S—

Nm
Temporary selection of the inverter capacity

According to the motor capacity, select the \ FR- \ .

Determination of the torque type

According to the motor and inverter temporarily selected, the torque type is : with
reference to Technical Note No. 22. (Magnetic flux vector control)

Maximum starting torque coefficient as = :
Linear acceleration torque coefficient aa = :

Heat coefficient o= ]

Operating frequency range of the temporarily selected inverter

. motor speed x number of motor poles
According to f= P P

120

Frequency corresponding to the maximum speed

Nmax x P
" T120 [Hz]
Frequency corresponding to the minimum speed

N min X P
frin = = = H

120 [Hz]
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<Sl Systems of Units>

2.4 Whether the Motor Can Be Started and Run at Low Speed or Not

(1) Motor starting torque (Tus) = Tu X s X G = | | = | | [Nem]
(For as and o, refer to Technical Note No. 22.)

(2) Supposing that load torque at start (Tcs) = maximum load torque (Timax)

“ Analysis of whether the motor can be started or not \‘ OK
Ts=[ J<Tws=[ ] NG
(3) When the inverter is made one rank higher \ \ and examination is made again:

e Torque type ‘ ‘
* Maximum starting torque coefficient as= :
« Linear acceleration torque coefficient da= :

* Heat coefficient o= :

TMS:TMXGSXO':‘ ‘:‘

“ Analysis of whether the motor can be started or not \‘ OK

Tl J<Tw=l | NG

(4) Short-time maximum torque at fmin (6Hz Or more)

TM1:Tanmxo:\ \:\ \[N°m]
(For am and o, refer to Technical Note No. 22.)

“ Analysis of whether low-speed operation can be performed or not \‘ OK

Ts=[  J<twm=[_ ] NG
TLS:|:|<TMS:|:|
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<Sl Systems of Units>

2.5 Whether Acceleration/Deceleration is Possible or Not

(1) Acceleration torque during lifting (Taz)

_ (GD?wup + GD?v + GD?8) X Nmax

382 xta

(2) Deceleration torque during lifting (Tdx)

_ (GD?wup + GD?v + GD?8) X Nmax

38.2 X td

(3) Acceleration torque during lowering (Taz)

_ (GD?wan + GD?v + GD?8) X Nmax

382 xta

(4) Deceleration torque during lowering (Tdz)

_ (GD?uan + GD?v + GD?8) X Nmax

38.2 X td

(5) Torque applied to the motor in each region

=L JINem]

=L JINem]

S —

=L JINem]

Region Torque applied to the motor [Nem]

Lifting 1) |Tap =Tar+ Tw=|

2 |Tw=[ ]

3) Tawp ==Tar + T = ‘

4 Jrw=[ ]

Lowering 5) Tadn = Taz + Tip = \

6 |To=[ |

7) Tdan ==Taz + Tio = ‘

8 |Tw=[ |
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<Sl Systems of Units>

(6) Torque required for acceleration and deceleration

@)

(b)

(©)

Torque coefficient required for acceleration during rising (a)
Tamax

S o E—

Tamax is either of Tau in region 1 and Taun in region 5, which is larger.

Note that regenerative acceleration is made when Taw < 0 and Taa < 0. In this case, the
maximum torque required for regenerative acceleration is judged by whether deceleration is
possible or not. Hence, the judgment of whether acceleration is possible or not is not needed
here.

“ Analysis of whether acceleration is possible or not \‘ OK

NG
Gax 0= | x| >a=[ ]
Oa: Linear acceleration torque coefficient (torque boost large)
o: Heat coefficient (refer to Technical Note No. 22.)

Torque coefficient required for deceleration during falling ()

= 1 Tdved o
T _

Tdmax is either of Tdu in region 3 and Tdan in region 7, which is smaller.

Note that driving deceleration is made when Tduw > 0 and Tda > 0. In this case, the maximum
torque required for driving deceleration is judged by whether acceleration is possible or not.
Hence, the judgment of whether deceleration is possible or not is not needed here.

Temporary selection of the brake unit

The torque type of the \ \ is \ \ .
<Refer to the braking capability data in Technical Note No. 22.>

| Analysis of whether deceleration is possible or not | OK

B = | >p= | NG

Bmin: Brake torque coefficient (minimum value)
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(1) Operation pattern

2.6 Examination of Thermal Capacity of the Brake Unit

1)

7777
) // Lifting
veoss /) 7 )N DT 7
///7/ Time
Lower)ng
1) 2) 3) | 4) 5) 6) 7)| 8)
tl t2 t3 | t4 | t5 | t6 t7 t8 | to t10
Torque
A 77 522;/
/////Zf//l Time
11 I8
12 14 17 19
Sl AN v 0 - g 227/
Timel
Fig. App.2 Example of Operation Pattern

(2) Formulae for calculating and regenerative power in each operation zone
Zone

N
Wi = 0.1047 x 71 % Taup

Regenerative Power [W]

2)
W2=0.1047 x N1 X Tru =

3)

+
Wa = 0.1047 x 2N

4)

2 2 deup:|

Wa=0.1047 x N2 x T = |

5)

Ws = 0.1047 x N

2 ><Tadn:|

6)

W7 = 0.1047 x N1 x Tip = |

7)

Ni+ N
Ws = 0.1047 x 12 2 X Taan

8)

Wo = 0.1047 xN2 X Tio = |
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<Sl Systems of Units>
(3) Calculation of power
» Power returned from the load [WwecH]
Whigch= |Z(W” X t”)| From zones 1) to 8), calculate Wn and t» only in the zones where power
Ztn is negative.
= =L 1w
« Power returned to the inverter
Winv = WnmecH x 0.9 = ‘ ‘:‘ ‘[VV]
(4) Short-time permissible power per operation of the braking unit Whks = : [W]
(For Wks, refer to the Technical Note No. 22.)
“ Analysis of short-time permissible power \‘ OK
NG
Wiw=[  I<Wes=[ ]
(5) Checking the continuous average regenerative power
Wi x EEEAD =W
te
(t2 to tn is the sum total of times when power is negative in operation zones 1) to 8))
(6) Continuous permissible power Whre (refer to Technical Note No. 22) = : [W]
“ Analysis of continuous permissible power \‘ OK
¢ NG
Wivx b= [ ewpe= [
te
(7) Checking the short-time permissible power in the continuous regenerative operation zone
Wox09=[  [<Wss(for seconds)=[ |
(For Wrs for seconds, refer to Technical Note No. 22.)
2.7 Examination of Whether the Motor Can Be Used Thermally
(1) Required motor torque, load torque factor and current characteristic (%)
Zone Torque Supplied Load Torque Current Cooling
to the Load Factor [%] Characteristic [%] Coefficient

During | t1 |Tau
rising

o
1

Ta1 + Ty
|
|

t2 Ty

ta TF = 14 = C4=

t3 Taw ==Tar+ Tw

P = Jtr=l Jlwe=[ [ jes=[ ]

During te [Tad =Ta2z— T
falling no=|

t7 |Tw =| \ 17 = C7=

to TE= ]| 19= Cc9=

ts Tada =—Tda2+ T

— jte=l )=l | ]ecs=[ |

Note: Motor torque used is the above calculated value.
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(2) Motor equivalent current value Ivc

[ xt+°%ta....... + In® X tn
e = Cixti+Cextot+ ...+ CnXtn

- == < 100%

2.8 Examination of Stopping Accuracy

(1) Characteristics of the brake

According to Technical Note No. 22, the characteristics of the mechanical brake \ are:
« Rated braking torque :Ts = : [Nem]
« Delay time (independent off) : to1 = : [s]
« Brake GD? :GD% =|  |[kgfm?
(2) Stopping accuracy when the motor is running at a slow speed (creep speed), and is brought to a
stop
Stopping time (tv) =toi+tu

N (GD.? + GDw? + GDg?) X Nmin

=to1
38.2x(Te +Tv)
=| |+ |

=L i where,
Tu: Load torque during rising (Tw)
: Load torque during falling (Two)

Stopping distance (S) = So1 + S11= (to1 X Vimn | gy Ymn 1) x10°
60 0 2
=(| |+ | ) x10°
=L [[mm]
Guideline of stopping accuracy (Ag) = +S/2 = | 2 |=+] | [mm]

2.9 Determination of the Models

According to the above examination results, the recommended models are as follows:

Motor : kw P
Inverter : FR-

(Control system: )
Braking unit :
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APPENDIX 2)

CALCULATION SHEETS < Gravitational Systems of Units>
1. Machine Conditions Required for Examination
(1) Voltage and frequency o Im L K
of the power supply
(2) Required power P (When unknown, refer 2.2.) ] [kW]

(3) Operating speed range Nmin S t0 Nmax S [rpm]

of the motor
(4) Number of motor poles S P
(5) Operating frequency range fmin S to fmax S[Hz]

(6) Weight of the drive section w
(a) Lift table's own weight Wr I
(b) Lifter load during lifting Wiwp ] [kof]
(c) Lifter load during lowering  Wuan I

(d) Counterweight We L Jkof]
(e) Chain weight WeH L [kdf]
(f) Chain eccentric load Wes L [kf]
(g) Pulley average diameter  Ds : [m]
(h) Pulley-rope friction i ]

coefficient
(7) Lifting velocity Vmin : t0 Vmax : [m/min]
(8) Machine efficiency n ]

of the drive section

(9) Load torque converted into the equivalent value at the motor shaft
(a) Load torque during lifting ~ Twu (When unknown, refer 2.1.) ] [kgfem]
(b) Load torque during lowering Tio (When unknown, refer 2.1.) ] [kgfem]

Hence, make the following calculation on the assumption that maximum torque
Tmax=| | [kgfem].

(10) Load GD’ converted into the equivalent value at the motor shaft
(@) GD’ of the lift case GD*r  (When unknown, refer 2.1.) L Jkgfem?
(b) GD’ of the lift load GD*w.  (When unknown, refer 2.1.) L J[kgfem?
(c) Lifter load during lowering GD’wan  (When unknown, refer 2.1.) ] [kgfem?’]
(d) GD’of the counterweight GD*wc  (When unknown, refer 2.1.) [ |[kgfm?
(e) Chain weight GD*wc+  (When unknown, refer 2.1.) L J[kgfem?
() GD? of the mechanical brake GD’s, etc. : [kgfem?’]

Total load converted into the equivalent value at the motor shaft during lifting GD?.up
= {GD?wr + GD’wup + GD?*wc + GD?wcH}

= | +| | +| | +| |
=] [kgfem’]

Total load converted into the equivalent value at the motor shaft during lowering GD?.an
= {GD?wr + GD’widn + GD?*wc + GD?wcH}

= |+ |+ |+ |

=] [kgfem’]
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(11) Operation pattern

(a) Acceleration time ta : [s]
(b) Deceleration time td s
(c) Time of one cycle tc S

Lifting velocity //% .

<> 7 8
Lowering velocity tl) t2) t3) )4) . t5) t6) ts) tg) t10
' Sle—2 SleSlels > L et

« KT

- tc=1cycle >

Fig. App.3 General Structure of the Lift
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2.1 Calculation of Load

)

)

3)

4

Pulley speed (N2)
N2 = V/(Ttx Ds) = | I x ) =] | [rpm]
Reduction ratio of the reduction gear (n)
Supposing that the motor is S P and is run at S Hz, N1 = : [rpm]
n=Nu/Nz=| / | =| |
Moving distance of the lift per motor revolution (AS)
mtxDs %102 = Tt X

o=

AS =

Calculation of load GD?

(a) GDwr of the lift case
GD’wr = Wis x (V/TN1)?

- | =| | [kgfem’]
(b) GD’wwup of lifter load during lifting
GD’wiwp = WL x (V/TiN1)?
- | =| | [kgfem’]
(c) GDwwan of lifter load during lowering
GD’widan = Wian x (V/TiN1)
= = | [kgfem’]
(d) GD’wc of the counterweight
GD’we = We x (V/TiN1)?
= = | [kgfem’]

(e) GD’cn of chain
GD’ch = Wen x (V/TiN1)®
- | =| | [kgfem’]
Total load converted into the equivalent value at the motor shaft during lifting
GDwp = GDwr + GD*wLup + GD’we + GDwen
= |+ | +] |+
= Jkgfm]
Total load converted into the equivalent value at the motor shaft during lowering
GD%un = GD’wr + GD?*wian + GD?we + GD?wen

= |+ [+ |+ |

= ][kgfem’]
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(5) Calculation of load torque converted into the equivalent value at the motor shaft (Tv)

(a) During lifting
(Wt + W) = We: Wup = (Wt + Wewp + Wes) — We

= | = | [kgf]
(Wt + Wiwp) < We: Wup = (Wt + Wewp) — (We + Wes)
= | = | [kgf]

* When Wuyp =0
Tw = Tuw + Tfrup
_ WuypxASx107° LB x Waup X AS x1072
- 2XTIXnN 2XTIX0N

= +

= |+ | =| | [kgfem]
* When Wy < 0 (To take safety into consideration, make calculation by setting the machine
efficiency (n) to 1 and the friction coefficient (u) to 0.)
Tw = Tuw X r]2 + Tfrup

Wup x AS %1072 0 x Wauw x AS x107

= _— 2
oxmx10 | *T T 2xTx10

- 0= kg

where,  Tuuw : Unbalance torque during lifting [kgfem]
Tfrup : Friction torque of drive section during lifting [kgfem]
Waup: Total weight during lifting [kgf]
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(b) During lowering
(Wt + Wudn) = We: Wan = We — (Wt + Wian + Wes)

= = | [kgf
(Wt + Widn) < We: Wan = (We + Wes) — (Wt + Wiadn)

= = | | [kgf]

* When Wan =0
Two = Tudn + Tfran
_ Wi xASx107° N 1 x Wadn x AS x107°
- 2XTIXnN 2XTIXnN

= +

=| | +] = | [kgfem]
* When Wan < 0 (To take safety into consideration, make calculation by setting the machine
efficiency (n) to 1 and the friction coefficient (u) to 0.)
Tio = Tudn X r]2 + Tfran

Wan x AS x1073 0 x Wadn x AS x1073

_— 2
- 2xT1x10 X1+ 2xT1x10

- S —

where,  Tuan : Unbalance torque during lowering [kgfem]
Tfran : Friction torque of drive section during lowering [kgfem]
Wauan: Total weight during lowering [kgf]

Hence, make the following calculation with the max. load torque (Timax) = : [kgfem].
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2.2 Selection of motor capacity

)

)

®3)

“4)

Required power of the load

W xV .
P.=——— (W s larger of |Wup| and |Wan|)
6120 xn

= =L lkw]

Temporary selection of motor capacity (Pwm)
Pv=ap x P. (ap=0.5t0 2.0)

= | x| | =] kW] O Select|  J[kw].
GD? of the motor, etc.
Motor GDm=| | [kgfm] (Forthe kW P motor)

GD?s of the mechanical brake

GD%&e=|  |[kgfm?] Note that the brake isthe NB-_ |,

Total GD%p converted into the equivalent value at the motor shaft during lifting is:

GD%p = GD? + GD% + GD*p = | |+ |+ |
= Jkgfm]

Total GD’n converted into the equivalent value at the motor shaft during lowering is:

GD%n = GD? + GD% + GD%an = | |+ |+ |

= |kgfem?]

2.3 Temporary selection of inverter capacity

)

)

3)

(4)

Rated torque (Tw) of the temporarily selected motor (60Hz rating basis)
974 x Pw

T, =S g —

Temporary selection of the inverter capacity

According to the motor capacity, select the | FR- .

Determination of the torque type

According to the motor and inverter temporarily selected, the torque type is : with
reference to Technical Note No. 22.

Maximum starting torque coefficient as = :
Linear acceleration torque coefficient aa = :

Heat coefficient o = :

Operating frequency range of the temporarily selected inverter

. motor speed x number of motor poles
According to f = ( P P )

120

Frequency corresponding to the maximum speed

N max X P
fra= 0o = S
Frequency corresponding to the minimum speed

N min X P
frin = - S —

120 [Hz]
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2.4 Whether the Motor Can Be Started and Run at Low Speed or Not

(1) Motor starting torque (Tws) = Tm X 0s X G = | | = |
(For as and o, refer to Technical Note No. 22.)

(2) Supposing that load torque at start (Tcs) = maximum load torque (Timax)

“ Analysis of whether the motor can be started or not \‘ OK
NG
Ts=[ J<Tws=[ ]
(3) When the inverter is made one rank higher \ \ and examination is made again:

e Torque type ‘ ‘
* Maximum starting torque coefficient as= :
« Linear acceleration torque coefficient da= :

* Heat coefficient o= :

TMS:TMXGSXO':‘ ‘:‘

“ Analysis of whether the motor can be started or not \‘ OK

Ts=[ J<Tws=[ ] NG

(4) Short-time maximum torque at fmin (6Hz Or more)

Twi=Tw X m X 0 = | | =| | [kgfem]
(For am and o, refer to Technical Note No. 22.)

“ Analysis of whether low-speed operation can be performed or not \‘ OK

Ts=[  J<twm=[_ ] NG
TLS:|:|<TMS:|:|
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2.5 Whether Acceleration/Deceleration is Possible or Not

(1) Acceleration torque during lifting (Taz)

_ (GD?wup + GD?wv + GD?8) X Nmax

375 Xta

(2) Deceleration torque during lifting (Tdx)

_ (GD?wup + GD?wv + GD?8) X Nmax

=L Jlkgfm]

375 xtd

(3) Acceleration torque during lowering (Taz)

_ (GD?wan + GD?wv + GD?8) X Nmax

=L Jlkgfm]

375 Xta

(4) Deceleration torque during lowering (Tdz)

_ (GD?uan + GD?v + GD?8) X Nmax

=L Jlkgfm]

=L Jlkgfm]

375 X td

(5) Torque applied to the motor in each region

Region Torque applied to the motor [kgfem]

Lifting 1) |Tap =Tar+ Tw=|

2 |Tw=[ ]

3) Tawp ==Tar + T = ‘

4 Jrw=[ ]

Lowering 5) Tadn = Taz + Tip = \

6 |To=[ |

7) Tdan ==Taz + Tio = ‘

8 |Tw=[ |
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(6) Torqgue required for acceleration and deceleration

@)

(b)

(©)

Torque coefficient required for acceleration during lifting (a)
_ Tamax

S o E—

Tamax is either of Tau in region 1 and Taun in region 5, which is larger.

Note that regenerative acceleration is made when Taw > 0 and Taw > 0. In this case, the
maximum torque required for regenerative acceleration is judged by whether deceleration is
possible or not. Hence, the judgment of whether acceleration is possible or not is not needed
here.

“ Analysis of whether acceleration is possible or not \‘ OK

NG
aaxoz‘ ‘X‘ ‘>G:|:|
oa: Linear acceleration torque coefficient
o: Heat coefficient (refer to Technical Note No. 22.)

Torque coefficient required for deceleration during lowering ()

= 1 Tdmed o
T _

Tdmax is either of Tdu in region 3 and Tdan in region 7, which is smaller.

Note that driving deceleration is made when Tduw < 0 and Tda < 0. In this case, the maximum
torque required for driving deceleration is judged by whether acceleration is possible or not.
Hence, the judgment of whether deceleration is possible or not is not needed here.

Temporary selection of the brake unit

The torque type of the \ \ is \ \ .
<Refer to the braking capability data in Technical Note No. 22.>

| Analysis of whether deceleration is possible or not |

OK
Brin = | >p=| | NG

Bmin: Brake torque coefficient (minimum value)
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<Gravitational Systems of Units>

(1) Operation pattern

777 /
Lifting
Velocity //// / / /// / A
Lowering/ Time
/L
1) 2) 3) | 4) 5) 6) 7)| 8)
t1_ t2 | t3 ] t4 t5 | t6 t7 t8 | t9 | tio
Torque //// //
2 / ; / ) (/7] 5 2231
////Ji j vl Time
11 18
12 14 17 19
e ST / 7
Time
Fig. App.4 Example of Operation Pattern

(2) Formulae for calculating torque and regenerative power in each operation zone
Zone

Regenerative Power [W]
1) ] N ] )
W1—0.1027><2><Taup—| |_| |
2)
W2=0.1027 x N1 x Tw = | | = | |
3)
w3:0.1027xN1J2rN2deup: | = | |
4)
Wi =0.1027 x Ne x Tw = | = | |
5)
W6:0.1027X%XTadn: | | = | |
6)
W7 =0.1027 x N1 x Two = | | = | |
7)
W = 01027 x 2R Ty = | = | |
8)
We=0.1027 x N2 x Tio = | |= |

_58—



<Gravitational Systems of Units>

(3) Calculation of power
» Power returned from the load [WwecH]

Whigch= |Z(W” X t”)| From zones 1) to 8), calculate Wn and t» only in the zones where power
Ztn is negative.
= =L 1w
« Power returned to the inverter
Winv = WnmecH x 0.9 = ‘ ‘:‘ ‘[VV]
(4) Short-time permissible power per operation of the braking unit Whks = : [W]
(For Wks, refer to Technical Note No. 22.)
“ Analysis of short-time permissible power \‘ OK
NG
Wiw=[  I<Wes=[ ]
(5) Checking the continuous average regenerative power
e g S—]
te
(t2 to tn is the sum total of times when power is negative in operation zones 1) to 8))
(6) Continuous permissible power Whre (refer to Technical Note No. 22) = : [W]
“ Analysis of continuous permissible power \‘ OK
¢ NG
Wivx b= [ ewpe= [
te
(7) Checking the short-time permissible power in the continuous regenerative operation zone
Wox09=[  [<Wss(for seconds)=[ |
(For Wrs for seconds, refer to Technical Note No. 22.)
2.7 Examination of Whether the Motor Can Be Used Thermally
(1) Required motor torque, load torque factor and current characteristic (%)
Zone Torque Supplied Load Torque Current Cooling
to the Load Factor [%] Characteristic [%] Coefficient

During tit |Tau
rising

o
1

Ta1 + Tru
|
|

t2 Ty

ta TF = 14 = C4=

t3 Taw ==Tar+ T

P = Jtr=l 1| m=[ | |ca=[ |

During te |Tad =Taz+ T
falling no=|

tz Two =

to TE= ]| 19= Cc9=

ts Taa =-Tda2+ Twp

— jtr=l .= | ]ecs=l |

Note: Motor torque used is the above calculated value.
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(2) Motor equivalent current value (Imc)
%t +12° Xta....... + In® X tn

e = Cixti+Cextot+ ...+ CnXtn

= = =[] <100%

2.8 Examination of Stopping Accuracy

(1) Characteristics of the brake

According to Technical Note No. 22, the characteristics of the mechanical brake \ are:
» Rated braking torque 1 Ts = : [kgfem]
 Delay time (independent off) : to1 = : [s]
* Brake GD’ :GD%s =|  |[kgfm?
(2) Stopping accuracy when the motor is running at a slow speed (creep speed), and is brought to a
stop
Stopping time (tv) =tor+tu

tor+ (GD.? + GDwm? + GDg?) X Nmin
1
375 x (T + Tv)

=| |+ |

=L Is] where,
Tv: Load torque during lifting (Twu)
: Load torque during lowering (Twp)

. . _ _ Vmin Vmin 1 3
Stopping distance (S) = So1 + S11= (to1 X vy + t11 % 50 X E) x10
= (| |+ ) x10°
=L Jmm]
Guideline of stopping accuracy (Ag) = +S/2 = | 2 =+| | [mm]

2.9 Determination of the Models

According to the above examination results, the recommended models are as follows:

Motor : kw P
Inverter : FR-

(Control system: )
Braking unit :
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