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Abstract

Linear motors can drive a linear motion without intermediate gears, screws or crank shafts. Linear motors
can successfully replace ball lead screw in machine tools, because they have a high velocity, acceleration and
good positioning accuracy. On the other hand, linear motors emit large amounts of heat and have low
efficiency. In this paper, heat sources of a synchronous linear motor with high velocity and force are measured
and analyzed. To improve the thermal stiffness of the linear motor, an insulation layer with low thermal
conductivity is inserted between cooler and machine table. Some effects of the insulation layer are presented.
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Table 1 Technical data of the used synchronous linear
motor (*with water cooling)

Technical item Value

Continuous force (N)* 3200
Maximum force (N) 7000
Magnetic attraction (N) 14600
Continuous velocity (m/min) 90
Maximum velocity (m/min) 170
Nominal current (A) 22,6
Maximum current (A) 57
Force constant (N/A) 141
Mass of primary part (kg) 30
Mass of secondary part (kg/m) 33
Length of primary part (mm) 650
Maximum power loss in primary part 2600
W)

Maximum power loss in secondary part 20
(W)

Air gap (mm) 1.5
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Fig. 1 Experimental set-up.
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Fig. 2 Electrical power loss related to counter force.

Fig2 oA RAFE uie} o] gUojrE e =
g5l Yo| F/FE FHELLS AT vlE
ata Zrlgth oL ¥ wstel wa} CNC-
Controller 7} ¥J33t= A/ E Atz AFA A
Foll uldsg 224 &Aool Fristr] wEol

- 786 -



o & Aoz FAEY,

F=ki )]

Poun =i’ R @)
A1), @AM F £ gudolrHe g5 3ol
q, i AF, k & 58’4 (Force constant, T
N/Ayols & Ao 88 gYolnele H$
141 N/A ©|ch(Table 1 &%) RE @A AFolr}. A
AAF stollA AEHF3 3200 N oA e s3EsA
& 9F 2600 W o) o] 211 o] AL FE}A| 23] Alo] A
A A% Table t o} gt Ao} #F dA3t )
3.2 Linear guidance 42 O}&tA

ZUol®E Az UL F
guidance A9} wlRAL FANY 4 oy 3
&og oFIFile FS nEIE B
o}, g Yo] 2 e 9 A& A Linear guidance %ol X1 2]
HE L ojFE&me fEol £HESs A7 AR
&}+ Primary part 9 Secondary part A}o]e] &3}
£ A7) E(Magnetic attraction)©| t}. Fig3 o= A3
Aol 7} ¥-24 4719} Linear wagon 2 At-&3ta,
azjo)x 28-S S W oldSEd wE v}
FeEeo] MeE Yehfa Ut} Linear guidance ol
Agete FAEL ZHY AriEn &5 &
2o TH Foly Fwo} FAH wE v
T Linear guidance &} A %3 Al A g3 e
R .

125 300
5 120 250 =
g 115 200 5
g <
g 110 1150 3
2 5
2 105 100 5
w e

100 50

0

0 20 40 60 80 100 120
. Feed rate [m/min]

Mass of moving components: 172 kg
Magnetic attraction: 14600 N

Four wagons (RUE 35 DHL) with scraper
and grease lubrication

Fig. 3 Frictional force and heat related to feed rate.

— Frictional force
— Frictional heat

R FALGHREEH ojgEEol AFAHA
A oF 2N o] HA, $271 F7HESS P
2 37, vhdd e & bldate] Adxo
£ F7F8% £% 60 m/min, 120 m/min o} A 77}
124 W 22|31 245 W7} €t} o] vhEEL 2yo
S8 7o ArjEdd nlate] A2 groln, g
Hol 287t AR SIAY A& B4 FA

& 5 A9,

4. 25

JUolngo e 2E=AHS ¢
Tt LxAME 239 PTI00 9 &3
FAAE ALEsIg e SAHYY 220-750 °C oA
L9 AGAlole] ol AHIPHE XY
+03°C 9 AEAE /HAAYRD. SHF Sk
B3 Interface & =319 HFE AFHn &

e AeEYY. eEEAHL FUolnEe

2 2% A EANSEH, %5 AdeE 2x
2 98 29 5L o 30 27 FAsIn
g}, Figd = A A e A 3200N 2] 32 o]
|33 2600W & &AEHo] QY AL =H
2 BoFa Ju. dgdzde Yz
1/min 281 FY¥L%7F 19°C ojt}
1T Y T 6-26 T T T
25 e o
24 - /w‘l-._l\/\__,q.’::y‘
2 / P o
/ - C

T T

2 | i |
20

SR

A

Aol 2 orlr

ol ot N o

o

g 8
{

=23
o

i
|

Structure temperature |

Motor temperature [C] :(o [‘QL‘ J_‘N‘ _|I)j

S J—
0 60 120 180 240 300 360
Time [min]

- at the primary part side
Primary part s, Cgoler ] - on the secondary part

9,

. i 8,
J Machine table! 323 - at the machine table
| 9, : at the machnine bed

20 i 1
0 60 120 180 240 300 360
Time [min]

| - Power loss in the primary part: 2600 W
‘ - Water flow rate: 10 V/min
Secondary part  Machine bed | - water iniet temperature: 19 [C]

Fig. 4 Measured temperature on the linear motor and
structure.
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Table 2 Mechanical und thermal properties of the
insulation layer and steel

Properties nsulation | Steel Insulation
yer layer :

Steel

E module E 7000 210000 | 1:30

(N/mm?’)

Density p 1300 7800 1:6

(kg/m’)

Stiffness range | 80-170 400- 1:2.3-16.3

6 (N/mm?) 1300

Specific heat ¢, | 1420 460 1:0.3

(kg K)

Thermal 02 45 1:225

conductivity A

(W/mK)

Thermal 20-40 11.1 1:0.3-0.6

expansion

coefficient €

a0*Kh

Maximum 110 - -

temperature
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Heat class E - -
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Table 3 Thermal resistance, capacitance and time
constant of the insulation layer and steel

12650 3 Steel Insulation | Steel :

5}% layer Insulation
layer

Thermal resistance | 0.001 | 0.27 1:270

[VAA]

Thermal 1633 | 840 1:0.5

capacitance [pVc, ]

Thermal time 1.63 | 227 1:139

constant

[(VAr)-(pVe, )]
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