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Development of Transverse Flux Linear and Rotating machine applications
with high power density and high efficiency:

|
e

1. Transportation systems with TFLM;
2. Single and three phase TFRM for domestic applications;
3. Reciprocating compressor with short stroke TFLM,;
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1.Transportation systems with TFLM :
— 300N TFLM commercialized for conveyer system
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2Ph. TFM
In plane

SMC core

2Ph. TFM
Axial arrangement

SMC + Lamination

PM LG (BLAC) R S
(2Ph. In plane)| (2Ph. Stack)
Out Dia. 301lmm 196mm 196mm
Height 51.5mm 70mm 70mm
ol 3665cm3 2112cm?3 2112cm?3
(100%) (58%) (58%)
Eff @ 0 0 (0)
300 rpm 80% 82% 89%

Multi-phase

Axial + Radial lamination
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pact high efficiency LM motfor
reciprocating compressor

» Linear Compressor for a Refrigerator

» High Efficiency

- Simple Structure
= No Crank Shaft— Low Friction
- High Efficient Linear Motor

+ Soft Start & Stop
- NG Peak Moise

= Variable Capacity Contral System
- Variable Stroke Control

« Adapted to Any Refrigerant
» Adapted to Oilless Mechanism
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Reciprocating compressor with moving iron transverse flux
linear tubular permanent magnet motor — LG electronics

Permanent Magnet
(NdFe35H)

Coil Windir
(Copper)

Resonance spring

Longitudinal flux Transversal flux
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MEC
(Magnetic
Equivalent
Initial Network) Response .
analytical Surface > Dynamic
desian Method Characteristics
g FEA Optimisation
Finite
Winding Coil Element
Analysis

_ Parametric

I Simplorer

Stator (523) M ” FEM or MEC Slmplorer

. axwe -

Tron (SMC) | equivalent
-r, model q

o circuit
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RSM seeks for the relationship between design variable and response through statistical fitting method. A
polynomial approximation of the model u is defined as a function of variables:

ﬂ . regression coefficients

P random error

The least squares method is used to estimate unknown coefficients. Matrix notations of the fitted
coefficients and the fitted response model should be such as:

p=xx) X
is the vector of the unknown coefficients which are usually estimated to minimize the sum of the squares of the

error term.

RSM method is applied in connection with FEM and the response actually represent FEM output values.
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Response Surface Optimization R

Computations as Optimization Method Table of Orthogonal Array
‘Table of Orthogonal Array Simulation (2-D FEA)

-Finite Element Analysis (FEA) Calculation Total Weight
-Response Surface Methodology (RSM) Peak Detent/Thrust force
-Optlmum Algorlthm Response Surface Method

Apply Optimum Algorithm

[..llL.l||.|'4"-|J:;E-'r'!'il:l.'l|'.]'.|]:|L'ri.|.||| [:IL'Hi._L'Jl E':.'ﬂ.'l:ll.':illh.':l[?a - Make Multiple Regression
Unknown function : Adjust coefficients of
Fy by : multiple determination R?_,

Response Surface

Response Surtace Model P
Approxinsation

Procedure of DOE

B Least Square Method

B Approximation Polynomial
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Table 1l Table orthogonal array and

Design variables and levelsm

Exp. Dvl DvV2 DV3 Dv4 DV5 DV6 DV7 DV8 thrust detent
force(N) force(N)

Weight
(k)

1 5 5 6 03 8 8 2 8 41788 83283 0232833

2 5 5 A0 5 hraE 5 5 8 37306 16488 0193078

3 8 9 MR Y P 5 2 8 81923 57706 0233808

4 5 9 G058 s 5 2 5 24188 66405 0118522

5 5 5 A0 5 2 5 48025  27.054 0146973

6 8 5 6 03 8 5 5 8 61202 29643 0254114

7 5 9 4 o5 8 8 2 5 44776 23971 0156495

8 5 9 AAna0 5 v 8 2 8 30414 15069 0178034

9 8 9 A0 5 g 5 5 5 42514 24251 0181876

107y 9 AT 05 5 5 8 63276 42174 0191931

115508 9 6 05 5 8 5 5 36022 35496 0181009

12 3 5 A AAAO!S A 8 2 8 62506 32761 0278601

T3TA%S 9 AR 03 a8 8 5 8 4851 20459 0213792

14masasy 5 Avnna 03 ek g 8 5 5 75534 44581 0215958

15 g 9 6 03 8 8 2 5 56636 10206 0210025

16 8 5 0I5 T 5 2 5 32183 79143 0206771

17 8 5 AR RS, 8 2 5 47665 22198 0189028

: 183RRAS, 5 A NAO St 8 5 8 27191 73401 0189149

Geometry parametrlzed model 195375, 5 ANRAAD S AR 5 5 5 35004 17507 0122518

20 9 6 03 5 8 2 8 57853 3164 0226134

21 atas, 9 Rl ] 8 5 5 45169 24326 0129265

TABLE | DESIGN VARIABLE AND LEVEL D A A A A A R A S Y A AR T Lo s RS0 S 2D
PR 9 A0S, 5 2 5 47162 19963 0158467

2R 9 (R e 5 5 8 36619 10491 0153371

Desi bl 35 3 5 BAARAOS S s 5 5 5 4878 13522 0181276
€S1gn variable 2% 3 5 SRR Ois A A, 5 2 8 45443 23139 0215575
Level DV1 Dv2 DvV3 Dv4 DV5 DV6 DV7 DVv8 Ay 5 Aran0i3 A 8 5 8 68257 56159 0233262
2 s 5 6 03 5 8 2 5 3838 46401 0144941

29 s 5 A0 3 s 5 2 8 52811 26675 0161983

1 EVI 5 A0 s 8 5 5 28498 11349 0167222

5 5 4 0.3 5 5 2 5 Ey e 9 6 05 8 5 2 8 2713 66808  0.19239

32 g 9 BaAN0I5 g 8 5 8 41662 11715 0268137

)
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Thrust function

Detent function

Weight function

RESULIS

* function to draw response surface:

Y., . =—44.847-1.79DV1-1.018DV 2 +1.957DV 3+57.369DV 4+ 8.41DV 5+ 7.376 DV 6
+4.752DV 7 +8.537DV 8 7.066 DV1DV 4+ 0.306 DV1DV 5 + 0.321DV 1DV 7
+0.857DV1DV8—0.155DV 2DV 6+ 0.253DV 2DV 8 —0.714DV 3DV 5
—0.563DV 3DV8-11.174DV 4DV 5+ 0.413DV 5DV 6 —0.471DV 5DV 7
—0.385DV5DV8—0.242DV 6DV 7-1.113DV6DV8—0.425DV 7DV 8

Ypetent = —00.838+2.489DV1-0.917DV2 -1.8DV3+67.508DV4 +15.074DV5
+6.031DV6+7.085DV7 +6.968DV8—0.184DV1DV2—-0.921DVIDV3
—11.288DV1DV4+0.256DV1DV7 +1.555DV1DV8+0.257DV2DV8+14.316DV3DV4
—0.662DV3DV5-0.533DV3DV7 -4.083DV4DV5-10.89DV4DV8—-0.246DV5DV6
—0.482DV5DV7 -1.006DV5DV8—-0.708DV6DV8—-0.425DV7DV8

Yoeign = 3-21E — 2 +1.13E ~ 2DV1-7.28E — 4DV2 - 8.35E — 4DV3-6.66E —3DV4
—457E —3DV5-2.16E —3DV6—4.61E —4DV7 —8.74E — 4DV8—3.47E —4DVIDV2
+4,03E —4DVIDV3+5.73E — 4DVIDV4+3.08E — 4DVIDV5 - 6.8E —~5DVIDV6
+1.55E —4DVIDV7 —1.41E —4DV1DV8+7.19E —~5DV3DV5+1.42E — 4DV3DV7
+4.11E — 4DV4DV5 —1.9E — 4DV4DV8+4.01E — 4DV5DV6 — 2.05E —4DV5DV7
+1.65E —3DV5DV8+1.17E —3DV6DV8—1.17E —4DV7DV8

APPLICATION WORKSHOPS FOR HIGH-PERFORMANCE ELECTROMIC DESIGN

SL" |:ESS @ KOREA ELECTROTECHNOLOGY RESEARCH INSTITUTE




DA

yo 1\ SUNT®

MODEL AND OPTIMUM

MODEL

Table Il Optimal model comparison

Model Weight[kg] Thrust force[N] Detent force[N]
Initial design 0.254 61.292 29.643
Optimum (predicted) 0.22 67 28.318
3-D FEM 0.22 67.905 27.764
Variation between initial 15.454 8.519 6.767

and 3-D FEM model %
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Thrust [N]

120

100 4 ‘/\ s Coil current
N ta 720
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""" 400
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..... 720
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Inductance [H]

”

Mutual inductance
1.4E-7

1.3E-7

12E-7,

1.1E-7

hE-i

9E-8

8E-8

2.6E-7
7E-8

6E-8 2.4E-7
5E-8

2.2E-7
4E-8

3E-8
-0.004 -0.003 -0.002 -0.001 0 0.001 0.002 0.003 0.004
step [mm]

2E-7

1.8E-7

Inductance [H]

1.6E-7

1.4E-7

1.2E-7

1E-7
-0.

ptimal prototype characteristics FEA

—

=3 Self inductance
2 '."‘/" » > —— -

004 -0.003 -0.002 -0.001 0 0.001  0.002 0.003 0.004
step [mm]
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"IV Dynamic
Characteristics

Mechanical system
ml'Z'l + (bl + b2)21 - b122 + (Kl + KZ)Zl — K122 =0
m,Z,-b,(z,-2,)-K,(z,-2,)=F

No load model
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Slmulatlon results | no load

displacement

1.50m
1.00m
500.00L
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600.00n |
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FI'FEI'—PHSS SEI-EM Sl_lEl:ESS @ KOREA ELECTROTECHNOLOGY RESEARCH INSTITUTE

APPLICATION WORKSHOPS FOR HIGH-PERFORMANCE ELECTROMIC DESIGN




Sj

d
5§

mulation results

—_——
e ——
i

APPLICATION WORKSHOPS FOR HIGH-PERFORMANCE ELECTROMIC DESIGN

induced induced voltage
33.50_] 30.98 ]
| n | 20.00-
20.00— 10.00
0_
10.00- -10.00—

] -30.31 | | |
-10.00— 321.68m  340.00m 360.00m 387.89m
-20.00-
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0 500.00m 1.00
current
400.00m
curren 200,00 7]
= 00m-—
103 100.00m
800.00m 2.8e-017-
-100.00m—
600.00m -200.00m—
40000m ] -40000m I | | | I | | I | | I | | I | | | |
200.00m 365.42m 390.00m 405.00m 420.00m 435.00m 458.59m
-5.6e-017-
-200.00m
-400.00m T T T T T T T T T
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“Simulation results 1V no load

powerloss

i p— S b

3.68-
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2.007
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|
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Simulation results 1V load

66 Hz
40.0C] 800.00m|  40.0C
30.0C 600.00n  30.0C
20.0CH 400.00n  20.0C
= 10.0¢13% 200.00Hg 10.0c% Current [A]
= ® = TFLM.I¢
8 g S6e-0ilmg * %TFLM E
o S 5 :
L 10.004S -200.00m{3 -10.00- XTFLM fi
20.00{  -400.00m  -20.00-
-30.004 -600.00m  -30.00- s o
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- - T T T T T T T T T T T T T T T T T T T
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20.0C- 400.00n4  20.0C4
= 100> 200.00mz 10.0¢ Current [A]
= (3] - ¢
: ofsear oy AT
) S 5 £ !
T .10.0042 -200.00m-3 -10.00- XTFLM.fi
20.00{ -400.00m- -20.00+
-30.00 -600.00n-{ -30.00- 4
-40.00 -800.00 | -40.00
- - T T T T T T T T T T T T T T T T T T 1 1
253.60m  260.00n 265.00n 270.00n 275.00n 280.00n 285.00n 290.00n 295.00n 302.59n
100 Hz
40.0C] 800.00m|  40.0C
30.0C 600.00n  30.0C
20.0CH 400.00m  20.0CH
= 10.04> 200.00mF 10.0C Current [A
= ® = ATFLM.IC
8 0§ 56e0lmg 1 o TFLM.E
o S S ’
L 10.004S -200.00m{3 -10.00- XTFLM.fi
20.004  -400.00m  -20.00-
-30.004 -600.00m4  -30.00-
-40.00 -800.00m | -40.00
- - 1 T T T T T T T T T T T T T T T T T T
253.60m  260.00n 265.00n 270.00n 275.00n 280.00n 285.00n 290.00n 295.00n 302.59n
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Voltage (V)

Resonance : 66.75 Hz
— o — Force(shift)

—n— Acceleration

1.0

0.5

0.0+

-0.5

— 4 Currentx 10

X ﬁ —v— Voltage x 100
AR im
Am Anm
3 /\ & i
ix Am ~ Am ~
i~ N AN ~
o A. O
u AN
A.

>p. .......

-1.0

Time (sec)

Manufactured prototype
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Experimental results Il

Maximum Displacement[mm]

6 ; T I T ' T

s|| —e—IT 10 Resonance state |

./
2 ./ 3
o/./.
14 ./o/ 2
./

0 1 1 1 1

0 5 10 15 20

Input Voltage[V]

FIR SYSTEM SUCH
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Experimental results |l

35 T T T T T 80 T T T
2 3Vsine —=— Voltage
0,::) 3.0 —=— Current [A] - 1| —e— Sustained load S5

| 4 ' =l == Lty
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- — . A - — A
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g _ Displacement[mm] A/ \ S ‘A &
A
S 204 / - 2
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()] 1.0 A .‘ \A -1 g [ ]
£ BT ot L RN = 407 o0 oo oo IT10 with LG spring
3 AAaTa L aankant SN = Input : 1[V
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=3 ll:g;::::::::.....-' - ~.___::: ] Test time base : Current
redy Emm ’
A 00 A R e e e L e
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Thank you

FrEEr—PHE SEI-EM SL'G:ESS @ KOREA ELECTROTECHNOLOGY RESEARCH INSTITUTE

APPLICATION WORKSHOPS FOR HIGH-PERFORMANCE ELECTROMIC DESIGN




