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Abstract: An overhead crane, also known as an industrial crane, crane, or overhead travelling crane, is a device
that lifts, lowers, and transports items horizontally. It is used to carry extremely heavy or bulky loads through
the overhead area of a facility, as opposed to through aisles or on the floor. Gear box is used with purpose of
reduction in speed; as a result, torque output will be increased. In place of gear box for achieving lower rpm at
high torque, use of a permanent magnet direct drive (PMDD) in conjunction with a variable frequency drive
(VFD) is written in this paper. Prototype of the same is designed to lift 100kg load and checked for its
performance. Modelling and simulation are done in Simcentre MotorSolve for PMDD. This alternate
arrangement can be used for hoisting mechanism of EOT crane which is able to give the torque of 40-65 N.m at
25-50 RPM to lift 100 kg load.

Keywords: Alternative of Gearbox, Hoisting Mechanism, Permanent Motor Direct Drive EOT Crane, Simcentre
MotorSolve by Siemens

Introduction

Most of the engineering industries are using the Electric Overhead Traveling (EOT) Crane to hoist loads. In the
conventional EOT, induction motor, gear box, coupling and rope drum assembly are used. This EOT crane is
subjected to lift and lower the load, as well as cross and long travel. Out these four major functions, lifting and
lowering the load requires high torque at lower rpm. So, for performing these tasks, three sets of motor — gear
box sets are required. For two functions of EOT crane of lifting and lowering the load, we will replace the
conventionally used motor and gear box with PMDD in connection with VFD.

The PMDD is to be used in EOT crane for utilizing the natural, free, and sustainable energy of permanent
magnets. Samarium-cobalt (Sm-Co) and Neodium-iron-boron (Nd-Fe-B) are two magnetic materials that are
readily available PM and which are having exceptional high temperature performance. The first rare earth PM
materials to be released were the samarium cobalt variants SmCos and SmyCos7. In the late 1960s, they were
made accessible [3]. In the 1980s, Neodymium Iron Boron (Nd.Fe14B) magnets were first made available with
the promise that they would be far less expensive than Samarium Cobalt magnets [4]. The temperature range of
early NdaFe1sB magnet materials was quite small. Beyond 120°C, they lost their powers and became particularly
susceptible for demagnetization [5]. An array of additional viable options, including PMDD, fluid coupling, and
electromagnetic gearing, were discovered after a review of the available literature. PMDD in conjunction with a
variable frequency drive was determined to be the optimal solution for increasing the high torque at reduced
RPM. Replacement of the gearbox with PMDD is made feasible in enhancement of the performance of the EOT
crane. Long term, this will result in more significant benefits. With the stator and rotor assembly of the PMDD,
more torque at lower RPM can be generated. Because of this, traditional gearbox is replaced which was utilised
in the hoisting mechanism to provide more torque and low RPM.
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The goal of this effort is to simplify the present system because it is more prone to frequent maintenance issues
and failures. Here, a novel proposal is made to replace the transmission with a permanently attached magnet
direct drive coupled with a variable frequency drive to provide the required high torque at low rpm. The
recommended mechanism also comes with built-in benefits including minimal maintenance requirements,
reduced noise, vibration, and lubrication, mechanical isolation, and reduced power usage [7]. This study was
conducted as a result of the frequent gearbox failure, coupling failure, frequent lubrication and maintenance,
excessive vibration, and noise problems in traditional hoisting mechanisms. The parts may steadily degrade as a
result of vibration, which eventually results in failure. Additionally, there will be a significant financial loss,
particularly in the steel and railroad industries. In order to meet the frequent failures; the shop floor requires
need excess inventory which may not lead to interrupt the operating of EOT crane for various important
activities.

In this paper the analytical equations to design PMDD to lift the 100kg load are presented. With the calculated
dimensions using the analytical equations a modelling of PMDD is done in Simcentre MotorSolve. To analyse
the performance PMDD is analysed in Simcentre MotorSolve by Siemens. With the results of the analysis, we
may use the desighed PMDD for hoisting mechanism in EoT crane.

The remainder of this essay is divided into the following sections: A succinct summary of pertinent literature is
given in the second part. The design technique for PMDD is described in Section 3. An examination of PMDD
is provided in the fourth part. The Discussion is covered in Section 5, while the paper's conclusion and outlook
are covered in Section 6.

Literature Review

To find the best replacement for the commonly used hoisting mechanism and to replace the gearbox owing to
frequent breakdowns, lubrication, maintenance, etc., a thorough literature review has been conducted. Magnetic
Gears, Fluid Coupling, and PMDD with Variable Frequency Drive are a few solutions that have been
researched.

Worldwide, industries use conventional geared machinery extensively. A gear-driven system's main objective is
to synchronise the input shaft's rotational velocity with the desired output velocity for the output load. For this
application, conventional mechanical motion gears are frequently employed. As load is communicated by a
single tooth according to the Lewis equation of gear design, the major drawback of utilising mechanical gear is
that it is subject to frequent wear and tear, temperature rise that may cause overheating, and occasionally even
breakage from excessive torque transmission. Lubrication and maintenance are crucial. It took 100 years before
magnets could be utilised because magnetic forces precluded true physical contact between gear teeth and
torque transfer [7]

Magnetic Gears.

Magnetic gear (MG) Magnetic gears (MGs) are receiving more interest from the research point of view and
from companies as well in the world of technology that is changing quickly. It can be summed up as follows:
Development and commercialization of MG are obtaining increased attention as a result of the rapid
advancement of technology. Significant advantages include reduced acoustical noise, little vibration, free of
maintenance operation, improved dependability, intrinsic overload protection, and physical isolation [8, 9, and
10]. In permanent magnet machinery, magnetic gearing enables low-speed, high-torque direct-drive operation.
The ferrite permanent magnet (PM) material was not widely used in industry due to its poor performance and
low utilization. Up until the introduction of high-performance neodymium iron-based (Nd-Fe-B) MGs, the iron
core's slots and teeth were replaced by the N- and S-poles of PMs, respectively. About 100kNm/m3 are
displayed by magnetic planetary gears with six magnetic planet gears. [12]. The iron core's slots and teeth were
simply swapped out for PM N-Pole and S-pole in these modified MGs. Nearly 100kNm/m? is displayed by the
Magnetic Planetary Gears, which include six magnetic planet gears [12].
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Fluid Coupling.

To transmit rotational mechanical power, a Utilised is a type of fluid coupling or hydrophilic coupling, which is
a hydrodynamic or "hydrokinetic" device. To protect the power transmission system from shock overload,
controlled start-up at various speeds is crucial in marine and industrial machine drives, where it is also
commonly utilised. [12]. Utilising gearbox fluid, a fluid coupling is a hydraulic device used to transfer rotational
power from one shaft to another. It can be substituted, but because it can't transfer more torque at a changing
speed, its application is limited to circumstances when high torque is necessary. [13]

Permanent Magnet Direct Drive with Variable Frequency Drive.

In order to address the frequent issues in the industries, it is advised employing motor direct drive technology to
do away with the four-component transmission structure of the shaft, reducer, drum, and achieve direct drive. In
motor drive technology, there is no intermediary mechanical transmission. Applications of direct drive
technology include both the linear motion component with a linear motor serving as the core drive element and
the rotational motion component with a torque motor acting as the core drive element. At the moment, direct
drive technology is widely used in the elevator, machine tool, belt, mining, wind power, and other sectors. As
low speed and high torque motor technology advances, eliminating the intermediary gearbox is becoming
increasingly common to provide direct motor driving.

In a variety of uses for renewable energy where the source of power typically flows at a moderate speed over the
electricity translator, permanent magnet instruments are strong candidates for the optimal solution. [14]. Ten
years ago, permanent magnets were only utilised in a few specialised applications, low power equipment, and
tiny appliances [15]. Today, permanent magnets are used more commonly. This trend has mostly been ascribed
to the advancement of magnetic materials’ properties and the decline in their price [16]. But the latter has just
experienced a dramatic change [17]. This is due to the fact that magnets account for a significant portion of the
electric machine's price. A design that is effective for magnets at one cost is ineffective at a different one [18].
Although there is less ambiguity around their costs, this also occurs with copper and magnetic steel [19-22].

Method

Method to Design Permanent Magnet Direct Drive Analytically

Here, an attempt is made to design a permanent magnet direct drive motor. The fundamental variables and
notations used for the design are as follows [23-24-25];

Basic Notations and Abbreviation.
d: Air Gap diameter

I: Stator length

hs* Slot height

T e Pitch of Pole

Js: Density of Current

hm: Height of Magnet

bq: Width of Tool

hs: Height of Slot

hys: Stator Yoke height
hyr: Rotor Yoke height
hs1: Tool Tip height

hs2: Slot Wedge height
bs1: Slot openings

hi.: Thickness of insulation
d: Air gap (Mechanical)

q = slots/pole and phase
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f= frequency

p= pole pair

W= pitch of winding

Ib: length of the final winding

le: equivalent core length

I, and kes: iron length and iron fill factor
dse: outer diameter of Stator

Design Equations [23-24].
To design the PMDD motor with the basic notations and abbreviations are mentioned above and using the
following sets of equations the PMDD is designed. The dimensions for main parts stator and rotor are also
calculated.
The pole pairs are determined by the diameter and pole pitch;

120> fg

=== @
where, N = RPM
f. = frequency
P — Number of poles
The  measurement of the diameter and pole pitch  determine the pole pairings;
1 szd
- = 2
P=32T . (2)
p = pair pole no.

z, = Pole pitch, m

d = Air gap diameter, m
The stator's whole number of slots is;
Q=2pmq €))

where, p = pole pair no.

q = per pole slots

m = no. of phase
The slot pitch is;

T
r=—" (4)
mq

The tool width by and slot pitch can be used to calculate the slot width as follows;
b, = =z —Dby B5B)

where, b, = slot width
b, = tooth width
z = slot pitch
h, = slot depth
The slot opening bs;, height of tip of tooth hs1, and the height of wedge of slot hs, are all estimated to be 3mm,
1mm, and 4mm, respectively. Height of winding is hss.

hs3 = hs _ hsl _ hsz (6)

Height of winding, slot width & coil insulation thickness hi all affect the conductor's height hey and width bey;

919



Tuijin Jishu/Journal of Propulsion Technology
ISSN: 1001-4055
Vol. 44 No. 3 (2023)

h,; —4h;
h — s3 i 7
oy = 2+ €p)
h.,, = conductor height
h, = insulation height
bcu = bs - 2IA'l (8)
b, = conductor width

cu
Magnet cost per torque must be kept as low as possible for a three-phase machine, according to Lampola et al.
1996, The combination of the ratio of magnet width to pole distance must lie between 0.6 and 0.9. The proposed
design maintains the magnet width at 0.7 times the pole pitch that is,

b,=077, (9)
b, =magnet width
The winding pitch W is; since it is a whole pitch winding;

W=z, (L0)

The length of the final winding;
I,=2W 11

To get the equivalent length of core
=1+26 1)
An appropriate iron length is
I, =k, | 13)

where, k.. =iron fill factor
With rated speed, the frequency is
f=pn, (L4)

where, p= pole pair
In order to reduce the amount of permanent magnet required, the iron gap should be tiny. The smallest air gap
that can be used is limited by mechanical stiffness and thermal expansion.

§=0.001d (15)
The carter factor will be 1, since the air gap exceeds the slot opening. The ds. outer diameter of the stator
d,=d+ 2h+ 2h, ‘ (L6)
The stator's approximate overall length
|, =1+3W 1

otal

Magnetic Circuit.
The stator yoke thickness hys

B,, b, |
h,, = —90 “m e @8)
2B, |,
The rotor yoke thickness hy,
Bso by, 1
T (19
yr

The stator tooth width bd
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Bso 71
.= (20)
BdO lu
w here, Bs, = no load peak flux density

B4 = noload peak flux density of teeth

The magnetization curves for the main materials of the stator and rotor, namely Hs(B) and H;, may be used to
compute the iron core's mmfs (B). The mmfs required for the magnetic flux between two poles in the stator yoke
may be roughly calculated as

r(h+05h, )

V. =c|7 +
¥ p
p

H, (8, (2

You may roughly express the mmf required for the teeth as
\id = Hs ( BdO ) (h53+ 05 h52)+ Hs( B(S ) (05 hs3+ hsl ) (22)

The rotor yoke's mmf is

n(d+ h,+0.5h ~

ﬁy‘r =cC <Tp - ( 7; yr)) HS(ByT) (23)

The magnet's mmf falls 7, = h,, f‘sz (24)
m #0

by
The air gap's mmf falls by

. B

Vs = 8op— (25)

Ho

The magnetic circuit of two poles has zero mmfs added to it.

2H,h, ~¥,, —V,, ~ 20, 20, - 20, =0 (26)

where Hc is the PM material's coercitivity
Now, the equation (26) & may be used to get the required magnet height (24).

_ 0.5V, +0.5V, +V, +V,
" H _ Ba‘o
e
:“mluo
The flux density wave's shape in the air gap is influenced by the magnet's height, width, pole pitch, and air gap.

(27)

Material Volume and Weight [25,30].
For the windings mcu, stator yoke mFeys, stator teeth mFed, rotor yoke mFeys, and magnets mm, the volumes
of the various materials are multiplied by their corresponding weights:

Vou =21+ 1)Q hey b cu kew (28)
Moy = peuVey (29)
Vees = 1, m (d + 2hs + hys) hys (30)

921



Tuijin Jishu/Journal of Propulsion Technology

ISSN: 1001-4055
Vol. 44 No. 3 (2023)

Mpes = pFeVFes (31)
_ (T - bsl) + bd
VFed - lu Q (bd hs3 t— hsz + (T - bsl) hsl(32)
Mpeq = PreVreq (33)
Veeyr = In(d = 28 — 2hy — hy )b, (34)
Mpeyr = pFeVFeyr (35)
V,, = 2plbyh,, (36)

Design of Permanent Magnet Direct Drive in Simcentre MotorSolve.

Modelling of PMDD in Simcenter MotorSolve.
Modelling and Analysis of PMDD is done by giving input of calcualted values geting from the particular design
equation discussed above. Simcenter Motorsolve is used here which is efficient design and analysis software for
permanent magnet machines.
Step: 1 Basic input parameters for default prototype generation

Supply voltage of 415 volts, three phases, sixteen poles, and thirty-six slots with an air gap of Imm.

[E——

EI_-@ Prototype Design 1

=/ Global Design Parameters

o F . MNumber of phases 3
'ﬁ General Setfings Number of poles 16
‘@ Rotor (IPM with inset [ateral magnets) Number of slots 36
EI@ Stator (Round) 1
i=+ £ stator Windngs Temperatur 2
- |k stator vindings Cherts Moty aspect ratio 1
-0 Stlator End Windings Maximum outer diameter < Unlimited >
~ A Materials Maximum height < Unlimited >
EI--‘_{, Thermal Settings = Rotor Parameters
§i tousig Rator location Interior
'H! Interface Gaps Rotor type [=] 1PM vith inset lateral magnets
'3.’5 Coaling Rotor magnet material |:| Meadymium Iron Boron: 38/23
= rmal Materials [ Stator Parameters
Stator type I:| Round
Air gap thickness
Sets the thickness of the air gap between the stator and the rotor in milimeters.,
oK Cancel

L

Figure: 1 Input paramenter
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Motor Explorer -
aIEIEINECEED
Commands

Dews
E-@ Prototype Design 1
{8 General Settings
-t Rotor (IPM with inset ateral magnets)
-6 stator Round)
E-§3 stator Windings
gk Stator Windings Charts

© Stator End Windings
8 Materials
£} o5 Thermal Settings
Housing
Y Interface Gaps
Codling
g Thermal Materials

L

Supply voltage
Rated speed
Rated torque

Humber of phases
Number of pales
Number of sios

Temperature
Motor aspectratio
Maximum outer diameter
Mazimum height

Rotor location

Rotor magnet materizl

Stator type {
Stator coil material

Sizing method

Torgque per unit rotor volu...
Coll fil factor

Rotor-stator ratio

Stator fi density
Back-EMF lnit

Magnet air gap ratio
Magnet coverage

STol=[=[==[=z

5E8X sl

| addwRepart.. | EBpat. || Pmt. || PrntPreview..

Materials Model Field Chart Table (Design Information) Animation Summary Report

Step: 2 Input Parameters for

Rotor Outer Diameter: 133mm Rotor Inner Diameter: 40mm

Figure: 2 Prototype generated

Rotor

Moorbgloer v 4
BEWune so 8

Designs

= . Prototype Design 1
‘ General Settings

B @ Stator (Round)
=} a Stator Windings
- u Stator Windings Charts
© Stator End Windings
B Materids
5 o, Themdl Setings
l Housing
i w Interface Gaps
*‘ Cooling
: .Therma\ Materials
Sizing

FERX EY & W

L

Air gap thickness
Sets the thickness of the a gap between
the stater and the rotor n milimeters.

Input: Rotor (IPM with insetl... ~+ 3
=)

Number of magnets per pole
Rotor overhang
=

Bridge thickness

Core bulge thickness
Core flat width 0
Post angle
Wieb thickness

Gap taper

Magnet gap thickness
Magnet inset depth
Magnet thickness
Magnet width

D Rotor core fransparency
D Rotor magnet transparency

Step: 3 Input Parameters for

Magnet Depth: 6.54 mm, Magnet Width: 23mm, Magnet Thickness: 2.1mm

B || oo, || oo o
‘Mahenats Model Field Chart Table (DesignInformation) Animation Summary Report Sets the outer dameter of the rotor in millmeters.
PressF1 for Help | | |

Figure: 3 Rotor generated with designed dimensions

Magnet
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EICIFIER
Conmands
==
= @ rrotatype Desin L

- & General Settings

Stator (Round)
&8 stator Windings
- |gh Stator Windings Charts
© Stator End Windngs
- Materials
s Thermal Settings
- Housing
¥ Interface Gaps
- & Cooing
@ Themal Materials
- & Sizng

X & @

Results ‘Mdmkqm... H Export... H Print,... HPmlenw‘
| Materds Model Field Chart Table (Design Informatior) Animaion Summary Repart

Input: Rotor (IPM with insetl... « 1

Number of magnets per pole
Rotor overhang

/' Outer diameter

Bridge thickness
Core bulge tickness
Core flt victh
Postangle
Vieh thicness

Gap taper

Magnet gap thickness
4 Magnet inset depth

Magnet thickness

[ Rotor core transparency

[] Rotor magnet transparency

50

Hagnet width
Species the wicth of the magnet in milimeters.

Figure: 4 Magnet generations with designed dimensions

Step: 4 Input Parameters for stator
Stator outer diameter: 220 mm
Inner diameter: 145 mm

=@ Prototype Design 1
4 General Settings
¥ Rotor (IPM with inset lateral magnets)
=@
- Materials
E- o Themal Settngs
8 Housing
- Interface Gaps
- Cooing
@ Thermal Materials
8 g

L

EEx el

Input: Stator (Round) + 1

=
Cser 15|
| Sewade 15|

E
Bifurcation radius.

Siot opering widh
Tooth tangange

Tooth tp depth
Taoth tp ticiness

Tooth tang radiue
Top filetradus

[] Stator core transparency | 50
[ stator winding transparency | 50

| AddtoRepot.. | Bgort. || Pmb. || PintProvien...
Wodel Fied | Chart Tabke (Desgn Infornator)  Animaton  Summary  Repart

Materials

Outer diameter

Sets the outer diameter of the stator in milimeters
vithauitscaling the other motor dmensions. To scale
al of the other motor dimensions proportionately,

set the 'Quter diameter'in the General part instead.

Press F1for He

| |

Figure: 5 Stator generated with designed dimensions

Step: 5 Final motor assembly with Permanent Magnet Material Neodymium Iron Boron 38/23 selection with

gives higher magnetic flux density required for high torque.
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Motor Explorer - 1 Input: Materials ~ 1

fE dE 9o =e B =/ Rotor Materials

= Rotor core material . M|

Commands Rotor material C®

Designs (7l A

B ‘ Prototype Design 1 Model Materids A
eneral Setfings Ceramic 10

i @ Rotor (IPM with inset lateral magnets)
@ stator (Round)

Commonly Used Materiak

- Materiale NF&B: Neadymium lion Boron
E o Thermal Settings = msg S' B ;W:\‘ B
© - f Hosi 108
#Inwf::ecaps PGB Omur 1.0

8 Codr P12 B 2mr 10
P ﬂ T gl " Samarium cobakt
[sl el Materels Alnico Permanent M agnet Materials
il Siang I L2 e

[ 4.5 dnico

AL Alnico 57
[ ALEE: Alnico5-2

[ L5: Alnicos

[ ALAC Arico B

[ ALEE rico 82

[P v

N
D Stator core transparency 50
D Stator winding transparency 50
[ stator end windig transparency 50
[ shaft transparency 50
D Hub transparency 50
D Housing transparency 50
WERX B8 & o Rotor magnet material

Reslis AddioReport.. || Export. Frt.. Fiit Frevien.., e o e
materials with ‘Permanent magnet material in their
Materils Categories property are listed,

Model Field Chart Table (Design Information) - Animation = Summary = Report

Figure: 6 Assembly of PMDD motor

Block Diagram of Complete approach.

Brake

] PMDD Coupling Drum

Bearing

Figure: 7 Block diagram of complete approach
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Above is a block schematic of the entire model. Here, the rope drum assembly is directly coupled to the
PMDD to carry out the hoisting function. Instead of the configuration depicted in figure 1, a PMDD motor is
connected to an EMCO DC brake and coupled to a rope drum assembly, which lowers and raises the necessary
load in accordance with industry standards.

Results
Simcentre Motorsolve, a very effective tool for motor modelling and analysis, is used to analyse the PMDD
model. Here, we have made an effort to gather several Performance Charts that are crucial to our study, such
asTorque Vs Phase Angle chart

Torque Vs Speed chart

Efficiency values are given for the range of 0 to 60 NM torque and rpm

Pulse width Modulation is given for torque, voltage, current and back emf

Maximum Torque

Instantaneous Field

Magnetic Field

Thermal Field
By going through the various performance charts we may predict the possibility of using the designed PMDD.

Analysis Of PMDD In Simcentre Motorsolve

Performance Charts

Torque Vs Phase Angle chart is plotted below which gives value around 40- 70 N.m torque for the phase angle
starting from 0 degree to 360°.

R

Figure: 8 Torque Vs Phase Angle chart

Torque Vs Speed chart is plotted below which gives torque up to 60 N.m for different speed at interval of 15°
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Torque (N-m)

70

Torque
PWM bridge, Prototype Design 1,

Current=100% rated current
Rotor speed (% of rated)

350

Rotor speed (rpm)

Figure: 9 Torque Vs. Speed

Efficiency values are given for the range of 0 to 60 NM torque and 0 to 400 rpm

— y=0®

— y=15"

—y=30°

—y=45°

— y=60°

— y=75°

— y=80"

Torque (N-m)

Efficiency Map
Prototype Design 1

100

150 200 250 300

Speed (rpm)

350

400

Efficiency

W97
m95- %
mo4-98
mo93-94
moez-93

Pulse width Modulation is given for torque, voltage, current and back emf

Figure: 10 Efficiency Map
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— Torgue
Torque, Voltage, Current, Back EMF — Voltage AB
PWM bridge, Prototype Design 1, — Current, line A
Current=100% rated current, Advance angle=0°, — Back EMF AB
Rotor speed=100% rated speed
Torque (N-m) Rotor angle (°) Voltage (V)
Current (A)
0
6 70 500
- | 71 — 400
4 &0 Il ’ll” ﬂ' | VY + 300
.1 501 ’Ib- llll |h \/ N | 2
a0+ ||||“ ”I "l’ I . A WY 100
04 | I | a0
- NI TR
2+ o0 4 | |Il||| llI +--200
i . ‘ 1--300
0T I ' A | A 400
6L 0 } } } f } -500
0 60 120 180 240 300 360
Source phase angle (*)
e
Figure: 11 PWM Analysis
-
Torque
PWM bridge, Prototype Design 1,
Current=100% rated current, Advance angle=0°,
Torque (N-m) Rotor spe&@tor 80dk fHted speed
0
70
60—
50—
40—+
30+
20—
10—
0 } } } T 1
0 60 120 180 240 300 360
Source phase angle (*)
S

Figure: 12 Display method: Waveform Result Quantity: Torque

Here getting maximum torque of 60 n.m which is sufficient to lift the load of 100 kg by the hoist.
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Torque
PWM bridge, Prototype Design 1,
Current=100% rated current,
Torque (M-m) Rotor speed=100% rated speed

T0

v _/_\

50—+

40—

30—

20—

10—

-10 } } f f f t f t i

0 10 20 30 40 50 60 70 a0 a0

Advance angle ()

Figure: 13 Maximum Torque

Instantaneous Field

Shaded plot lower bound 0
Shaded Plot upper bound 2
Peak line current percentage: 0

Prototype Design 1 MWM[N’!

1 313 (=3

ASd o Famport. Caport . e Pt Sywiee
Modd  medt Dralasiareans febin) Ohet Todie  Aewmafon  Dusmery  Sopoet

Figure 14: Magnetic Fields

Magnetic Fields
Instantaneous Field
Shaded plot lower bound 0
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Shaded Plot upper bound 2
Peak line current percentage: 100

Prototype Design 1 Flux function (Wb/mm)
3 = Flux density (T)

o o, 1.8
Add to Report... VEkportA . Print... Print P’r’evlew.j
Model  Field (Instantaneous fields) Chart  Table Animation  Summary Report
Figure: 15 Magnetic Fields
Prototype Design 1 Currentdensity {Afmm 2)

Flux density {T)

MW Fiusc density
0.16 T

Rotor (IPM with inset lateral magnets), Rotor Air Encl

<

Shaded Plot (T
o 0,13 0.25 0.35 0.5 0.53 0.75 0.585 1 1.1 1.3 1.4 1.5 1.6 1.5

T eeese—
Add to Report... Export... Print. .. Print Preview. ..
Model  Field (Instantaneous fields) Chart Table Animation  Summary Report
Figure: 16 Current Density
Prototype Design 1 Temperature {(°C)

Shaded Plot at t=60 min (°C)
zo 21 21 21 21 z1 21 =1 =1 Z1

21 2z 2z 2z 22

Add to Report... Export... Print... Print Preview. ..

Model Field (Thermal fields) Chart Table Animation Summary Report

Figure: 17 Thermal Fields
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After reviewing every performance chart, we can forecast that the intended and simulated PMDD will produce a
maximum torque of 60 N.m. This torque is enough to raise a 100 kg load with a hoist.

The created set up will be subjected to several readings for various combinations of altering height, RPM, and
load. The outcomes will also be contrasted with those obtained using a standard hoist driven by a gearbox for
the same combinations.

Developed Model of 100kg hoist with PMDD

PMDD |— coupling — Drum Bearing
i | \

Brake
N\

Figure : 18 Actual Set up

Developed Model of 100kg hoist with PMDD lifting load
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Discussion
The analytical equations are used to construct the Permanent Magnet Direct Drive. The analytical design yields
the primary dimensions, which are used in Simcentre Motorsolve modelling to create a precisely designed
PMDD. The same methodology is utilised for analysis, and the important conclusions drawn from each
performance chart individually are listed below.

Table :1 Results

Parameter Values
Torque Vs Phase angle Torque: 40- 70 N.m
Phase angle: 0-360°
Torque Vs Speed Torque: 60 N.m
Speed Interval: 15°
Efficiency 60 N.m
Speed: 0-400 RPM
PWM Torque: 60 N.m

Magnetic flux density is shown in Figures 14 and 15, whereas current density is shown in Figure 16. Thermal
fields are seen in Figure 17. From all of the plots and findings, it is clear that the developed PMDD motor is
strong enough to be used in the EOT crane's hoisting mechanism since it can provide the necessary high torque
of 50 n.m. at a low rpm of 15-25.

Limitation: In some situations, the setup’s size and weight may be a limiting factor. Another limiting element is
the setup’s initial cost. However, the PMDD motor requires almost no maintenance. Therefore, the overall
operating cost will be much lower than the conventional hoist, producing far superior outcomes. Other important
benefits of PMDD include reduced vibration, less noise, no physical touch, overload protection, the need for
minimal lubrication, and nearly no maintenance.

Conclusion And Future Work

According to the numerous analysis plots shown above, the developed and analysed PMDD can provide high
torque of 40 to 65 n.m at 25 to 35 rpm, which is sufficient to lift the 100 kg weight. In order to completely
remove the need of gear boxes, the developed motor will be utilised in place of the currently used motor and
gearbox arrangement. it also makes the hosting system simpler. Must raise a 100 kg burden, a house needs
50NM of torque and to run at a relatively low speed of 25 rpm. With the aid of VFD, we may accomplish our
desired objective in PMDD.

Future Work: Experiments are now being conducted as part of this research project, and the physical setup has
been developed according to the components chosen. By making adjustments to the drum and rope fall
arrangement on the same hoist, a weight may be raised while maintaining the same configuration.
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