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1 39 HASY
7}. LSPMSM(line-start permanent magnet synchronous machines) 2§

1) RS FF A EREH dish grhe [EC 42 20159 IEC
60079-7 Edition 5.00A F7tE|)lon, GLAHO] W=yp A
A7F AlE5A o= AP AUS.

* N. Yogal, “Analysis of a permanent magnet synchronous machine with regard to explosion
protection capability,” Dissertation, Technische Universitat Braunschweig, Braunschweig, 2019.

* N. Yogal, C. Lehrmann, and M. Henke, “Analysis and testing of explosion-protected
permanent magnet synchronous machines for operation in hazardous areas,” in 19th
International Conference on Electrical Machines and Systems, ICEMS 2016, 2017.

* N. Yogal and C. Lehrmann, ‘PM-Synchronmaschine -hohe Energieeffizienz auch in
Ex-Bereichen,” Antriebstechnik, vol. 3, Mar. 2016.

* N. Yogal, C. Lehrmann, and M. Henke, “Investigations on permanent magnetic materials to
be used in explosion-protected permanent agnet synchronous machines,” in Proceedings of
the International onference on Power Electronics and Drive Systems, 2015, vol. 2015-Aug.

2) et AY/IEAl APAR PE DElO] chat WE ol iat 24o)
glol, 22 PTBOJAE olo] chet 478 43¥5tn 9lon, AT =2 2
WEEQI00], o] 3 PAAIF] het Wobe Aol

* Yogal, Nijan, Christian Lehrmann, and Markus Henke. "Comprehensive Analysis of
Line-Start Permanent Magnet Synchronous Machines with Explosion-Proof Capability in
Explosive Atmospheres: Reviewing Standards and Guidelines." 2023 IEEE 14th International
Symposium on Diagnostics for Electrical Machines, Power Electronics and Drives (SDEMPED).
IEEE, 2023.

3) @A) LUt [E 3280 A5/ AFgo] 998t gojglon, AL
(EUIHE 2039%E B4 580 A5/ Ao natg slgos
0, iUt Qi 202 Agolgelnl, Sejueh 2026WRE IE4 &
R57] A8 ANeln oIS, olNY nag A5/l Algel ol2e)
SR, 39 ANRPOIE GEAEY] Balofzt GIAERIY] HE]
Ahgo] A} el n 9.
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Reduction in the range of service

. . L Deadline
of the KBS-sector "Explosion Protection

Submission of documents according to Article 13 (1) of Directive

2023-11-30
2014/34/EU

Performance of manufacturer surveillance according to Annexes

. . . 2024-07-31
IV and VII of Directive 2014/34/EU and according to IECEx

EU type examination according to Annex III of Directive

2014/34/EU and according to IECEx for the following product | 2023-12-31
groups:

» Flame arresters and other autonomous protective systems

» I[ndustrial trucks

» Cable entries, entry fittings, cable glands, adapter and blanking plugs
[as Ex Component or Ex Equipment]

» Luminaries in the decisive type of protection Ex “d”, Ex “e” or Ex “t”

» Ex Equipment and Ex Components in the decisive type of protection Ex “m”
(e.g. solenoid valves)

» Filling station equipment

(petrol pumps, - valves, - nozzles and gas return flow pumps)

» Thermometers in the decisive types of protection Ex “d”, Ex “e” or Ex “m”

» Internal combustion engines

ERIEEESET



(A7 4] PTB =91e] 7
WEZo| g AT Ropo] Exeld, /)=
8 g WE o} 14 Al 7)ol

TAe 2&3s
S FH QIS A

o JTAN Y

Gk

57

1O

| .

AFAAL QT olelolE B AR

TAA gt AFHAT HA

P\ 2 Ale] AEHE FA

57 Aol ARgshk= TC F2 &2 tigk

==

*hrﬂaﬂ

| Al e 2 9194

= L.

e5=2to] Hlw

3t PIB| Al 71e8 3 A=A el 714,

* PIB Z%57] Aol A2 LAB VIEW A28 7d S5

A AP ATFIAE A e, 7)1
4 R FFE =QD 70 o APE Aol S
B4

A7) HEA
HREHof 02 gl 43E] PIBolA WERo] FASl: ZuAE 92
Q1Z9l WERoke] 7ulo] Waks wERIYo] glom, Zhake] IRk
Al o s WEAT d[n 23 2zl
PTB KOSHA
£01Y oF 2100 oF 2200
2ok 64 8
LR 3.05% 0.41%




PTB KOSHA
Y=o} 64 8
ENEE 19 0
MA/SAL 8] 8 8
EEREIES 37 0

O [ME7 2F] WEUT AREolol et ARV} ol B4 4 Az
glow, ByyEzo] s 7 Hope] MRIIEC| FHefsjel, 2

B3 WERof A

27} ulg

=]}
kel

A2Adol 7Idkete] AlFe] A B7HE sk =

Division. 3

Chemical physics and explosion protection

Department 3.5

Explosion protection in energy technology

Wg 3.51 Analysis and Simulation in the field of explosion protection
Wg 3.52 Measurement in explosion protection

Wg 3.53 Explosion-protected devices power engineering

Wg 3.54 International harmonization in the field of explosion protection
Wg 3.55 Renewable energy sources and storage

Department 3.6

Explosion-proof sensors and measurement technology

Wg 3.61 Intrinsic safety

Wg 3.62 Electrical Discharges

Wg 3.63 Explosion-proof electrical drive systems

Wg 3.64 Manufacturer monitoring in explosion protection

Department 3.7

Basics of explosion protection

Wg 3.71 Characteristics of explosion protection

Wg 3.72 Explosion processes in non-atmospheric conditions
Wg 3.73 Physical Ignition

Wg 3.74 Hydrogen Metrology

B 4 PTB W= 3

SENELSIS




O [25%9&A] PIBAA=

N
10

ARkl tigk HEriee] & %_hb]:vﬂ ke

[y Z‘] | S =
st A9 7les FIA7IE v, KOSHAE W5 394=Y
22 MACE A%t 7|edt oke el Al a5 Azl

TEUET 49 A
10~154 1
6~10 1
1~54 6

I 5 KOSHA y=¢g 1o7]

=

O [ZI&71F] e A 1 = wet 7|&r]Eo] 22 UHolAd 9o

11 MA—""1y

| 75 AR 3ok
Qo] mE 71712

11

o
N

7} 7S] Exol mE F)e] 2 TARMIA )
g 71Ee] ) SRR 6 &z, A8 7Y
SAlal|of sh= A=

ruEm

APENZS TR ALgFRe wE WA tpow B
2571 R LEER e
R
_ [EC 60079-0 IEC 60079-7 I[EC 60034 Serise
PETH
® 6 S YEREQ 7]=7[E(AA])
O [2A7IE YU Tl WEAEZE AS| 9%l HPA FA| 714
PEg wRlak o), wl sldriEe) WS BAvlelee] Wik
Tk b Sk ks Aolel, HE] A glo] WEIZS TRshe
A9l0] QIBTE 1o FAN S1evlE WA w2 Busiel daskn
Q)= AlZ]o]
V= SEYU.
IEC 60079 serise
=2/|7| & oF 39Z(IEC Webstore 7|&)

7 WERA 2A|20)E



 AANE S5
. Testing and certification procedures(Pruf- und Zertifizierungsverfahren)
. Work instrument(Prifung Isoliersystem der Standerwicklung)

- ExTL-3 / 3.63- AA-2.26
- ExTL-3 / 3.63 AA-2.27

. Measurement protocol(Messprotokoll)
- Isolationssystem
- Kafiglaufer

. Investigations on the ignitability of partial discharges on windings of
high-voltage  machines(Untersuchungen zur  Zundfdhigkeit von
Teilentladungen an Wicklungen von Hochspannungsmaschinennnung)

. Ignition video(Zuendversuch_geschnitten)
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o IEC 60079-7 Ed 3.0(2001)
- o IEC 60079-15 Ed 502005
o o~ g "E\JVSZ-SQI e i)
& 14 OE HI o AEHY Eh St
— 5 2T A EY
o
(oY)
@'--.Lﬂ\
S 2 EC 60079-7 Ed 5.0(2015)04 A IEC
5 Er; E;:f%;l*; B 60079-15 Ed 4.0(2010)2 nAT-Z=7t
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g | B FA=a PF TEY DEO O AT U B
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EF Y ENV 50269 EC 60070-7 7| 20| &

e

TY 1 APEY B 5

TR e Tt FTRIES 1995 o LAt 1
Woo] o] ATt WE| AEAP} UARAIS AAJSGIon, 1 Avt DAY

=
A gAYUSO] FLY divle] IekE /4 4 e 2ES UReH, o

= x|
517] 9lsl S| BE US| CENELEC)OIME waigh REjoll ot 7 2 Alslo]

A AP B5Q1 ENV 5026975 Wash

o] 3, BAR7]71&9]s](EC)oA] o= Bioist mZol [EC 60079-7 Ed 3.0 L
IEC 60079-15 Ed 3.0 e¥sto] gAAteloM = ole Ahtes 1A ZE
A= 2A0lM stk F7AES AAlsto] A8l Q1E.

x JZLOTN W X (HSE)o|A] =HESH “Possible risks associated with the use of
explosion protected motors types Ex ‘N° and Ex ‘e’ Operational Circular OC
498/12 (REV) and associated Information Document, Health and Safety
Executive, Field Operations Division, 1995.70] 2%,

xx ENV 50269 : CENELEC, ENV 50269:1997, “Assessment and representative
testing of high voltage machines” Brussels, B: CENELEC.
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PRI Y DE] XD Uy
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P FD ARG AR S A71P17] A A AlARY] JEA, A

el st 9 2Rk Ao ojgt =9 H
(Health Safety Executives, HSE)oj|x] 2lel3s
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199541 = HZIOHHA
1984~199211 A}o] 3=l
bt o33 7l TRl

ERA Technology Limited2 ZEOJA AR oz WA 0745 0]
=g oy]o] wekg Jua JhsAo] drkn 2

Year Description Voltage Duty
Sparking was observed between a terminal

1984 box and side plate during starting. No 13.8 kV Crude oil
explosion occurred and the motor continued ) pump
to operate.
Inspection of an ‘in-service’ motor suggested

1985 that an internal explosion had occurred. The 11 kV Gas
motor continued to operate. The source of compressor
ignition was not satisfactorily explained.
A motor exploded during a start up Gas
procedure. There was evidence of electrical COMDIes<or

1988 | faults within the stator winding. Most of 11 kV with cpombined
these faults were thought to have occurred lube oil system
as the motor exploded. 4
A motor exploded on start up. Bonding straps had
been fitted. Initial conclusions suggested that
ignition was due to an electrical fault in the motor, Gas

1989 but the possibility of ignition due to sparking, 13.8 kV compressor
owing to interruption of circulating currents in the ) with combined
motor enclosure or constructional parts, could not lube oil system
be excluded. Nor could the possibility of some
other electrical discharge mechanism.
A motor exploded during start up. There N/a

1991 | was evidence of motor faults which could | (information N/a
have resulted in sparking. not available)
On start up a small explosion from the Gas
motor was heard and a flash observed. The compressor

1992 | motor started successfully and was left 11 kV with common
running. Subsequent investigation revealed oil/lube seal
slight distortion of the motor cooler. system

T8 = AU WH 2 AL 4<9(1984~1992)
2) AT RR|ATY

o] A
(Department of Energy)ofA]+=
ALALE O] REfe]

WERE Al pAstel 19909 33
MF ¢

St = (circulating current) %
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5) #70] W

19979 =X 7| B Y3](European Committee for Electrotechnical
Standardization, CENELEC)oj|A] 1A1QF ©Ejo] tist 7|4 H7F W tjEAel
AldES OF AP BE9Ql ENV 50269(Assessment and representative
testing of high-voltage machines)S ®®. o] EN 4428 AHAX =
AR 7171 YL 8] (International Electrotechnical Commission, [EC)oj|A]
IEC 60079-7:2001(Ex e) @ IEC 60079 15:2005(Ex n)7} Zel&|HA|
ENV 502699] £=Q Q- Alglo] [EC &0 2 EITEHA =U=.

: Rautee, Jussi, Frank Lienesch, and Tom Liew. "Safety improvements
of non-sparking and increased safety motors." 2008 5th Petroleum and
Chemical Industry Conference  Europe-Electrical and Instrumentation

Applications. IEEE, 2008.
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: PTBOJA= IEC 60079-7(2015)0f w2} 1kVolde] 2|R%7]7]7] 2AAAH-
tis & 139 =0 w2t AldS AAlstal 9lenf, PTB Ao AlY

242 ® 140 Z2.

Ignition test

Equipment
Type Rated voltage G Impulse Steady state
roup
(Clause 6.2.3.1.2) | (Clause 6.2.3.1.3)
“eb” >1kV ALL O O
>1kV [IB or IIC X O
ec >1kV 1A X O
with random-wound stator
>6.6kV 1A ¥ o
with form-wound stator

B 13 1A XKStator) H3IA|H

Weight Diameter Electrical capacity

Up to 6kV : max. 30nF
max. 3.5t max 1lm Up to 10kV : max. 19nF
Up to 15kV : max. 12nF

B 14 PTB A&z

* AFUALR 1. Requirement to be met by the test winding for type testing of the

high-voltage winding under gas
2. Prufung Isoliersystem der Standerwicklung(ExTL-3/3.63-AA-2.26)
3. Bewertung einer moglichen Funkenbildung im Luftspalt(ExTL-3/3.63-AA-2.27

_‘]5_
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(Impulse ignition test)
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a7y
7] & Algl SSHE
V/V
[IC (21 £ 5) % A&
1iB (7.8 £ 1) % o=+
ITA (5.25 + 0.5) % =1
16 3P4 A ==
® Y= A At AlF(Impulse ignition test)
g AYe] AF 4 38 olfer, AY ASAIKIE 0.2us014 0.5ps
Aol sto] 20usE F 42 sk gho] Aol sigshs ARES ZRe 1089)
A gma k.
84 5.5kV
dEA A 13.5kV
oA 0.2us~0.5ps
IOl AJZE min. 20us
17 B2 Aot Al m2tolE(of|A])
@ A AE] A3l AF(Steady state ignition test)
D RlA 38 =0 AA Alg M7PAHrated r.m.s. line voltage) 1.58] o]AkQ]

Hant A vt

84 5.5kV
Ma A7 «1.5u) 8.25kV
18 g JHl dsk Al mhtulE{(of|A])
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3) dEA(Impulse) 3| =2
- A A ARREE gEa sz 27hA] BRI 3 Axlo] glon), F)
PTBOlA ARESHLL Ql= 2]2+= Circuit B 2]25 AMESHL Q&
G R,
—O0 O AN
— %
Ci ==V, i(t) R:[S C, (b
N 2
Circuit A
d 3 dEA 9=
“Circuit B” AMEA] m2fujef= o2l & 199} 23,
Sin ntet LI
1 | Generator capacitance | (; | -
2 | Load capacitance G, | A B0 Tt g2
3 | Front resistance R |-
4 | Tail resistance R, |-
R G+ R,C,+ R,C,
5 | Time constant a a = 2R R,C.C,
R,C,+ R,C,+ R,C, \’
6 | Time constant B lg_l\/< 172 272 2 1) _ 4
2 2R, R,C,C, R\ R,C,C,
a+pB
7 | Front time ! = 1
b T a8
= Kt
8 | Tail time Iy 1 9
K= 1 +1
ti(@—8) 3 1— 2&1)
9 | Impulse voltage v(t) v (t) = Vo (_(a_ﬂ)tl—e_(ﬁﬂ)tl)
max 2BR,C,
519 JHA 52 mjejolg



4) A= A(Impulse) 2] 2+4 [52Y 1 Fx]

3 4 QEAuy EvtelR

1 R(1/Cs+R))

- =713]20] olmgA = +
) ]'Q—IE-—‘] EI']'L]L. Z<S> Cls R1+R2+1/CZS

) Vo 1
- Soslee] AE M) = o -
N Z(S>
) Vo~ _ ~(atay
- Al20] olm AX|ot ; = - 1
L . 1., a+B
- TFARKFront time) 4, * f =5 ln
— . . . 1 2
- mWa|A]7KTail time) ¢, : £, = Kt;, K= (a— B In 1 25t1)+1
1 —e
o . 0.7
- A28 MOARY £, ¢ty =Ky K= ]
1
G
-G/GHEE Y=o
2

- /G2 vlE0] 25-= R,(tail resistance)= YoHA|H, R (front resistance=

§57g0] s AT 4.

VU (1) C

max

v,  CG+CG°

-&49898 9 9=

h
N
0
)

fol

1o
~
%)

o[>

- Generator capacitance C1 o] 24
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1) Aldel2 4 =(PTB)

Oscilloscope

>

(]
<
ifi Stat indi
Y — L
A 1 I Y
Damping
Resistance

| Capacitor |:| _
[T 6000pF Discharging [
Power supply Resistance
(Normal)

95000 "JN
Transformer =

19 5 JEL o A9z Hd=(PTB)

Oscilloscope

I
L
Probe =
Stator winding
| |
| I

Damping

Resistance

Power supply
(Normal)

=

Transformer

g 6 Y JH gt Aldelz Hd=(PTB)
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4B A A SERL
- AR IA
- 230 V YA
Power Supply
- AY71(~ 100 kV)
Transformer
- Diode 29} Resistance &%
- 7E2dYS Rz vt
Rectifier N S
: - AgH9500, 830, 416 Q 5)
Resistance/
- A5 or AU A8
Dampin
- - A@AIRS Aol chgsing
Resistance _
Rate 0] et zu)
RN |- o] sHoE PY AL
mwﬁr_ﬁanpr L do7|7] At &=
Capacitance | I - QU A AEY, dEATL
T R T T " = Y = olro .
e —— 7—1-_—7‘1 o, Capacitance
» EEEIE
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Spark making

device

voltage divider
(5000:1)

QAlg AFumet HAo| I3
He= AHo] gt 454k

Oscilloscope &
Probe

XY oty 7|58 Oscilloscope
Oscilloscope 9] QFAIAFR]

A& 5k Probe

B 20 AlgAde] L=
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- PATY] BAYATY oA E4o R FE TR.[0Y 12183 FF]
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© AlF2Y

D 6.6kV GATEN ASHAFoA 2% 152 Aol =

No | Phase | Distance | Ujoad Ubvider Ucheck ggglsnet g&sé Result Comment
1 U 12.5mm | 620 V| 2.70 V 13.5 kV 10 - Pass 5.5kV
2 A 12.5mm | 62.2 V| 2.73 V 13.7 kV 10 - Pass 5.5kV
3 W 12.5mm | 62.1 V| 2.70 V 13.5 kV 10 - Pass 5.5kV
4 W - 238V | 1.70 V 8.5 kV - 3min Pass 5.5kV
5 A - 235V | 171V 8.6 kV - 3min Pass 5.5kV
6 U - 22V | 176 V 8.8 kV - 3min Pass 5.5kV
7 U - 286 V| 205V 10.3 kV - 3min Pass 6.6kV
215 6.6kV,
8 A - 28.1 V| 201V 10.1 kV - min Fail Ignition after
2min 15s

= 21 AlFolE]

Al A A=

Alg F Al

(LGAL e Ao et 2tAd)

a2 17 AlE ®/% AR
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5. 3] 7t Al

) AEAE A U W5 EA

: IBC 60079-7(2015)0] wa} 8|} Aolxlo] thste] B3ofAqo] Amz
b4 wWobe @sta Qlon), ol & 220] A0 SigEl A9 ® 230]
T2 shpo] A7FH9l BEEA|7F A &slojo} 3t

=AY A T ot Ayl AERlo] Be oRlE REO A8

Type Duty type Safety factor” Rated power [gnition test
<6 - X
“eb” ALL
>6 - O
S1,52,56,S9 - - X
<6 - X
“ec”
S3,54,55,57,58,510 <100kW X
>6
>100kW O
xSafety factor= IEC 60079-7 Table 5 “Potential air gap sparking risk
assessment for cage rotor ignition risk factors” Zx

B 22 31X XHRotator) A3A|H

e RS
1 351} g otAl

2 351717] 715A] BLg7IA 2917 HA

3 351717] 71585 AHYAF L 300%0])

B 23 7} HSXRX]
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2) B|3A} ot Al
- SlEAL deplEe ofel Jwo] te 2AR FAE, o ¥ AY|E
- PEAE F i) RS Mestol K13

@NYIIS
ONEES @ BtAIE(RS) OBLHYEY OR
OTHAIY

O Alazy] - &dd R} sAAPL Sl SR7I7]E ARgste] AdAlSHY,
getalgoel #1lo] gle 7= A 7.

A& Fan cover A|A

A Au] AA

Y19 ARA gAEs

ot
1z
e
=2
>
=
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Al & =2 A1A

RAuLA e A7 A7k 7

137 20 AFAl EAP s R2(01A12)

@ =3FA|(ageing process) @ & A|FA 53] ILEA|IHS FoF Lofuigo]
ZQstH, XX} Ao]X|] AT = F]1L AAREe} 70°C D|gh Ato]ojlA
et e ojof gf AEXAYS AU 50% o]/d  o]ojof &t

« AFA RS 2ESFol T3 L, S|AAF Alojx|e] L& 70°C~195°Colojof

ol
o

wr AR AR nefslo] HARL] 50%o]4Folofof 2.

wox A[EA] BJFIRIS] REAIZES time RS} RGll, &l 1AL w9} T0°CAole] 2wTt
GIESHE Hu, QIO R PTBOIAL 4 5E014 1024= 74,
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= ;1.1_-.1:”-/\‘]
v 1=

= 7Rl Alzol digh ofel® 240 E

2uaigay : watiby
NE RS A O 8] UREUelo) o2 sms)y] 7A20) g
U AtoE QIGh QAL WA 9t 9loD®, ofo] TjE QbHEA] WR.

-

=
(7121 21.22,23 215
7] = Al Sok=2
717] = o ] S II:I T aa
V/V
[1C (21 £ 5) % A
[IB (7.8 £ 1) % o=
ITA (5.25 £ 0.5) % = =z2ut
g ed=

A&

13 21 SR} Al



Alg

Y 22 SRR Al

- 33 -




@®.® AY7]-sAl¥(direct-on-line uncoupled start test) ™ T&HA|F
(locked rotor test) : 8MA|Fd-E Al Al=of| Osl AldS AAISHH,
ofgl & 259 Ald % ste] A|Ftts Ad=sto] A8y,

SORERE: ERNE
(direct-on-line (locked rotor test)
uncoupled start test)
A E- U AR U A ARt
A AIZE AALE =DA1A) wshl s £
AlFsla 102] 102]
Al THEA] AFZET} 24 6] dad Aoz AlFE7f
HES ZAlE Al 7hs v
v SRETE N
g]ar s _
T AFARE A8 AU SAFOR A
(U oz ALLE FRI AR
30%0]AF A Q)

+ [EC 60079-70] wzt AJFA] DAY (terminal voltage)e AAMUC] 90%0]5t=
T o]X]|X] Qrolof sto 2, XQi7tslE vaste] AAXMQF AL

o AN E £ AIFRE A4 150149 A&ARTS ZHe s @pski 9lout, PTBE
AY7IEA B A BE S|HA A0k WS FALEO] 80%-~100%0] 7oA
TEEE 49Ut won, TAAPY Foor waiAY] 2E3eS F5A7]V]
oJs BE 5xoA 105K =0 LEHEATNS A8

£ 25 Y75 L T4
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6. U =gyt
7k QEE AlgAE FECIE)

@D Impulse ignition test

oscilloscope
: Measuring impusle voltage, front time, tail time

NG\Eage EREK )\1' \
“w.‘ij ) Rlesistonl 2l

- '

13 24 ABA HSAY o]ok{d)

@ Stady state ignition test

Control
Voltage
Explosive Gas Mixture

—\Transheieas

L
L

INAOF

Ne\WaGt AN

2 25 F4 AJHEl At 2folokx{A4)
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Ly, Y] L5A] AL

O BEE28 FA @ BAF2 Al Algo XL et Al oletuE S
TrESH] Ysto] 7iE F/dE(Capacitor, Resistor 5)°] ¥#7do] Z Q3.
-> Al o= Algl] AXAEHo| ot ZA-ER|TH Y 2E A RAL
NIME Al59e] NS Al&SHA] Hotes d97F Won, ol2ist H&

O|AIRI A4t = 42 W7 2 A|FS ¥HEste] ojefog] €l
-> PTBE= A7 A7 o2 A] WEEAHaL oflz2} Ef BAo L offd B=55
Ch B.9oka Qlo] WQA] 7|3 o] BES tiojoh= Yo 2 A|FAAL

@ QPHEA : B S s 9Ystol U BUAIRUC] chAAH
oAl Agke AAJsH= S9) obHrae: Zqstofof sio, ofnf Alg Al
15 olst2 AJztslofof gh(| AIAI51E oF 28)

SIAIRS 1) PTBOIAE o] AEES T5st0] FWAlS] QPFALL

(el =2 8RS FRIsH] Yt £AIE Fstl U=

\ e A2 HEOA AE
| s

ol &
(@S

7% 26 PTB AJ@A 9% AH
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i

%ﬁaaﬁé ccrv
| SERNE . = o N Si M3 d|dOi RS

T2 28 PTB ZAEEE & A4
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13 28 PTB AlgA {AI(7]1 )
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=2 2 || 2TARDE Hiul 2 S35 S AR

- 2EEG AEA 25 9Eo] #HR LS F75H] Hdl K B S
AIR5He, ©EjQ] Q]3to] AlQlst= ¥l A&

Ja

- wE BYe = sk g0 QAL A F A YAl 0 Aejshe

WS ARS0Y 29 ARl o] e Feld A8 3 Hojui}
ARlE 5 AR wRrh aTbEel 9N $5) ewEd) 9ol o
ekt olelE AR PTBE URaloR odr) wa) Algs: e

L EA EA0 st A1S Assigon, Aol xigd EA oist

Hlol&7t HAE A Q5.

I 29 ©E 3H AN 2AE
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AldAE Toluzdy A4
(Max 50N'm, 6000rpm, 180 Frame size)

' M2 Ohn|22| ARKSHL | | | N

i

,‘ IATALOGGER. |

IST: STOF |
L i

169 s |
Y EENE | [ ZERD IvAn-zERD |

X a5 7|(RESISTOMAT 2316)

W18 146N

0 - otz
sk -:vmsmmm

Vo, bale S g
) RT([°C
2] Lager 3
3. Gab . 1
QJ C?ll 2 E s i
<) belowme N
,£) Di ‘L"h}‘
72) kte
&.| P
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Erfassdatum 09.02.2023 10:27:05
Geraebezeichnung MM-NR_363_100
Gerée-Seriennummer 361824
Beschreibung Cold Resistance GBN SK 112 MH4 star connexction, motor temperatur = 19,6 °C
Zeit (s) Messwert Einheit Zyklus
& 1.9080 Ohm A
11 1.7700 Ohm A
21 1.7690 Ohm A
31 1.7690 Ohm A
41 1.7690 Ohm A
51 1.7690 Ohm A
61 1.7690 Ohm A
71 1.7680 Ohm A
81 1.7690 Ohm A
91 1.7680 Ohm A
7(«]6]- =X 71-(1(_)7<7 7=l)
O 1 O BA i S |
A ATEA
LY o 1 O
chatnre e mechaniicre Messing [
\
| e et Verluste bei Nennbetrieb: 1 - Hochste Erwarmungen von:

Py = 4535313 W Motorgehause: 346 K1
Pws = w 2 LagerA-Seite: 351 K2
Pre = 0 W 357 Kabeleinfihrung: 147 K3
L Py = W Adenerzweigung: 167 K4
B ¥ o= % — Klemmenplatte:__326 K5
Mmﬁgﬂ%’ﬂ?ﬂ Pu = w — ;“ Statorwicklung:__ 482 K6
SEms el | o : T R TR
D T 505050688 = Pe = w z
. Pr = w
O T — P: = w
G P
5 3
Lab view control
. . — =
Ranting : 50Hz 400V 4kW, star DERH2E &«
connection
Wicklungswiderstand (Stander)
2115
2110
2105 \ —— Wickiungswidkrstand {Melweste]
52100 e
22095
£ 2090
2208 [
2 2,080
]
= 2075 [~
2070 <
2065 P
2060
0 10 2 20 40 50 &0 i) 80 90 100
Zeit nach Abschaliung [s]
8|74 A Hrotor) 2= 74 A7 RH(stator) Mg £
a ALK A8
1 32 AR
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g Al o] 2R A 2= B AY ' § Ydecte Fil2k e s
AuufL =S Z27stofoF &

BleA FEA YAM] PH Tg WRD2, o2 ddslel 7PN LBl U5
)

ren und F

GEMN 5K 112 MH4 Mains Operation 400 V 50 Hz 4,0 kW

50
45 ...... —r. e
40
max. 35,1 K
35 P L Rl e ey Y ‘/_\_\
et 7 N
", undl e e ey P e W P Nk
30 s AT pmsimsth A A AN A AP " \!‘\
> A prr MVWMM“WMMWMWWMJ “\‘_\

N\

A R e
i fﬁﬁw

20 f; —l
15 PR a— —
i e’ fort
Y = Iy
10 4" = e £ — e~ i b s L PP VS SOV S IS P O ¥
[V (S
Ji st
."./ -l 2
CRR S
i f"
g 4
P 4
m“;
0+
10:48:00 1260:00 131200 14:24:00 153600 16:48:00

2l 33 MY E8 & =IMA

— Qa T o I

(o]
rfo
H1
S
2
ol
|
APy
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2. IEC A0 Og 27gxt | AR} 2570 TE 2&=Ato] H]w

1)

X%/‘\} QE _7;<_7<O H]—H]:-]]

A 2R SR V71719 Ade T AS AYYol ofsi A7 = ofof

50, e OFFAVEOlA] 71717t whesl) Woisloz, A9 AjgA] 5l exg
AR5 Yol Xl =24 2k 7|9 (Exponential curve fit technique)&
AF85to] A|7to] 0o El= Aoz TJns 2] HHog HA9]
& A& o] 8oty IEC 60034-1 Clause 8.6.2.20]
< Ak es 2y 25 249 PTBOME= Al 34 BHE 7|¥o]

| (Cubic Polynominal curve fit technique)&

O
—
rC
w

HNi
A
g\
x
»E
oy

N

}\]847%1 T__L7'1§ H]—E}OE o]/\}x-lo 7\ O 7H§/\] 25_7‘;_7: I:IO]—HJ ;\].%%)

2) DAL % FAuHo| T2 Hw

A A

S73/5(400V, 4kW, 50Hz)= A[geh At o] &Rl W2 7gAt
YHO] 2|1 Aol 1.26KZ PTBOIA AFE 591 37} =i ohx 7]y
BA] O =8 25 AR = (03] 15 &%

oo

S~
ﬁ—l

Expotential curve Cubic Polynominal curve

¥ = 2.108791 1360 002217 =il L B y = -0.00000000x° + 0.00080267x° - 0.00078864% + 211713228

Extrapolate the resistance at time zero ‘ 2.10834376 ‘ ‘ Extrapolate the resistance at time zero ‘ 211713228 ‘

Calculation | 1.76900 19.6 210834

R1 & R2 R1 61 R2 a

da
0] Fa ji8)] ra 0] ra [0 S|
215 Calculation | 1.76900 106 211713 215

SRTAS
B2- 215 = x (235 +20) - (235 +22) =4820 K };1: 4820 K

210834
8z - 215 = % (235 +20) - (235 +22) =4694 K| |al= 46.94 K =
1.76900

176900

48.20K - 46.94K = 1.26 K |

19 34 Al F4 S 71HEE) R 3R HA BE VIS &

o

|Al A

=
iTh
o
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3) SR = 24 Y

o
D SRR 2= AR} ORRER| 2 Y OFFAIOAl 71717t wi=A] W32t
o2, [EC 60079-7 ¥ IEC 60034-1 8.5.10] T} T AHS AL&5}o]
AR A1 25 ZAAsH] Yol AlgFo] 00] He= A|FHez Jgus

o]l "PHS ALR. PTBOAL 25 XA 7122 MEAo] A7t

/\71101 o
ZHRIER, 2= S WAPsks gS AR Fal 22 240d 35 AAL

(PTBolA = 1At} Wl RAoM EaiAlol dhet S=iet L=a/gol FolA Al
ooz A1 LS FE] stel Aot e PHS ALE)

Rotortemperatur

15:02:01 15:02:44 15:03:27 15:04:11 15:04:54

15:05:37 15:06:20 15:07:03

1 35 AR 2k 74
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3. NFAY Joo] 2 Lrato] ]

I[EC 60079-0 Clause 26.5.1.30] e}
AuEdess 2] A% AlFe -
7171 784 AdY] 90% E= 110% & &L
BHeTS WATIE P 2R 4 o
o= asyelojof sk}, AN AL s |
[EC 60034-10] W2 “Zone A'[1% 36 &%) s P
e} slofe) AlgAgo R Sa & QLS. IR L

o] 4% QAZAo X755 ‘Aot 2//" 0]
SAME RIS A1 RHRETF Zone A7, o]
N7 Mol 5% el 7|zl &7

otk Awg matatoiol 3

1. Zone A

olof Tfsl] =<4 =wEo] AZAX 9| 2. Zone Bloutside zone A)
[EC 60034-10f] T2 “Zone A, B"=Z H|1|3. Rating point

AIERE 2k ofFfiEet o] Zone BT 99 Ly o b 600341 Clause
AR Q0% AUt SEE w28 A 73 Voltage and frequency

variations uring operation

LEge K
o | 28 [He1g [ [ [ T A A
9% | (@alm) | AYH | #7174 (2E) | (=zh

474 | 400V | 34.6 | 35.1 14.7 16.7 32.6 48.2 32.0 19.2 74.9

380V | 36.1 | 36.1 15.5 17.4 33.2 50.7 33.2 20.4 82.0

420V | 34.8 | 34.5 14.9 17.5 32.5 49.2 32.2 19.5 78.0

360V | 40.2 | 41.2 17.2 20.1 37.7 55.5 36.9 22.7 92.5

Zone B

440V | 34.3 | 34.3 16.5 19.0 32.9 48.7 31.8 19.3 72.0

528 2E AYAX GE L 5
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4. AW &5 wEQ] LAl W]

: [EC 7}40]| wje} 7Av|E] AHs obMZ wE o) oo 7IB]ElQ} WEQ] xGto g
FOIR= AE 209 dyolA T Aot 27t 2t R] oS 275
¢t Al ofof &

1) AHE Q] RE 2PAIFS] BaX

s g¥tfoz WRE ARE Hglrs AHHE, WSHARS
gEet APle BEF. 123 ARES ARE HEslre dHHE=Z
o] Ao, oo AR ﬂ B]AEgB5Hex o]l =, IGBT 5)o2 915}t

718 Zuppo] AiulE Uepbe nanpyso] WAy Telw o] mambs
QEO 241 E7H|F 7]® Zupr Ealo] wls) o %o WA Yo
2 9e. 1 Qolx e h ZEnarlso] ofgh e RupoA A
o] sR&eo] e RE Wha Ashe QIF W] WA 4 9long
Aueel B £gAFo] @7,

i - T 4 g W Total
ACZ20V DC 2} 200V! Bjci AC 220V
Fundamental | | } ! } -l
50 Hz

oL I - R olu&|

Tivig 3|2 = eIsel 2|2
Harmonic | | | >l

| B9 Rae HYE By

- Zi?qﬁ

|
Harmonic A AVAVAVAVAVAVAVAVAY meme bhs
1 5 (250 Hz)
218 A > 0 =
He-xi Hof a2 & &% Harmonic | i ‘ w7
P 7 (350 Hz) ’\Mmf\f\f\f\f\f\f\f\f\f\;

Harmonic -

9 (450 Hz) ’\I\I\MAMMMIUU\!V\N

19 37 7HH gl=
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2) Z1E] A pEfo] £YAY

- AWE AHE wEle] AR Thelopdatold 2 54
A&(0Y 38 2z H9on, oz wEo eg
2wt Aaste At UERES (5 29 &%)
(7GAF 3K 5, XA 10K

R SnE S L)

AATGAE ]

Jer
\i
t

b 1

a» - | /!”“;T g;.g--—'— 5

c@u Listed 76X) E134281 Ind. Contr, EQ.

H L] Amomatlanbrlv-
VLT Wwyii.danfoss,com

1| /e re.si20 KTSERHIBOOOE0C0AKBIC 0D A CAUTION:
P/N:1IINOBT  §/N: 0102080230 See manual for apec maing fus
11KW(400V) / 18HP(160V) G Voir manusl de conditions spéelalel 3
N 300-500V 30/80Hz 22/ 1A
oUT: 310V o-ionaN 24/21A (€ WARNING:
CHASSIS/ IP20 Tamb, S0°C/! Stored charge, wall 7 min,

Charge residudlie, attendez 7 min,

122°F
JHIIIHH#HJI nyJJ Hﬂ” IIHIIII | rls

73 38 ZAWE &S wEo] £PAY

e
g | 2 [ o1 [ Ao [ Aol [ mTa
oot | (w512 | olqm | wopm | 02 | R gy | | TN

a

474 | 400V | 34.6 | 35.1 14.7 16. 32.6 48.2 32.0 19.2 74.9

6.7
A8y | 400V | 37.3 | 37.8 16.5 19.4 34.9 51.3 34.3 21.2 84.8




5. PTC AU|AE IEst 2EA|F H|W
- Alet 2=0] Eut YRS Yol QPRgRIeL At WHREAIME A ARRSE 42,
oIS S0 UHEIS ARSI FIE B 4 QL ok HEEE FoiM Mav1e]
402 2461, F57] WRol] PTCF AR|E0] Qlo] Heax]|2Ale] A3tks: si5H,
Aa7] HHe] 257t 130°C7 T HH PTCT AFssiM Hdsd 2RIo) A5 ZoiA]
7Pt AFsRoR FRlstoz, 51815 AR tES 78 1ert gle.

WFsH AR 57| iRl ‘2xI=lo] Q= PICT Ales smp7ix] AAIPTCH T 130°CO|
Aol Ejof QLom 5719} 2kt O FJrrIK] 221 BE AR, HER
T BEQ F9 VM H2 Sk R 7V =2 FkeolA dEsE Alg A

LETHe 1 K
| =E ey [ Ao [Aerg [ g [ A3 ],
T oy e | agm w00 Y @ey | @ | T

5 22.8 | 20.2 12.7 13.9 20.9 26.6 21.5 13.8 25

718 g 25 50.6 | 52.8 24.7 28.1 49.3 66.3 47.9 28.3 99.5
=4 50 37.3 | 378 16.5 19.4 34.9 51.3 34.3 21.2 84.8
100 | 27.8 29 12.2 13.4 25 37.6 25.2 16.1 74

ARG 5 85.9 | 75.7 43.2 47.4 77.7 98.8 77.3 48.8 126
il 100 | 66.3 | 63.7 27.7 30.3 57.7 90.7 59.5 36.1 169.5

2 30 2H TAHEA 9 s 245 vl
- WFeE SR 7P Fokpolis o] SiEA] Ae] dofu] pfene, WH 1EY
aip}t vjojsled, wER] LRt Qu.ero] RuAPt Jx] RS, wlehA A=}
g Wit ofd eff2kof met Fo]| dE URls 7P ke WEA] 2iRlslor 2.
(o, QPIE QEJO] 7 Uy Bl 2 ofskS njk|ug, WS Fulho|| Uit TSR Ee
Lasia] ofod, PTBOKE Uobee W Fukpoie aRsE Al AL 9L9)

- s} A TPES Fulo BRsl Qlslel BE| mejel £3o] o}

o2 TVEe U 22t 582 71s7d0] w2 ol o wiE sjiisks

Qloto] Yaanpt A WRet R 2LEAP T IA W
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SHz 3 IHESH2

A
T
El

- WSt 5Hz

120
100
80

60
40 5Hz

20 @ ———

o
o
I
N
»a
=
I
Of
Mo
|'>1
o
g

180 F2351 100Hz

100 100Hz
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=2 3 || PR = ARDIE Hiun X 25ds S8 Al

1. 3]AA} £2(Open/Closed slot) E}UE AAYLAF 71
1) IEC {270l met AR SPRfe] 2e27g 2 At uh U TRl el 40 A=)
BES Z7stoiof o0, ojnf] mmay} 2 Qlste] 2 HRO] At JHY
ArRjollA 7MY =2 =50l WA

CtEFSHENRd ring)

e

T7 40 5Bt et 2 up

x [EC 60079-7 A.3.2.3 “Due to the skin effect, the highest temperature rises
occur at the upper edge of the bars. Therefore if thermocouples are used, they
shall be inserted as close as possible to the surface of the bars.”

L S USZ Ab4 MELL7t 37

7Rl

=

A FHRY
X

+* T §IHskin effect) : W77 52
2ol AFUEst AL, FHER 2

Tk

_[
J o
o =2

S|AA} "Hbar) 3 T=fH(short
1 Zzlstofof stuy, REJQ] 17gAI}

o] 4%
circuit ring) Y20 AIAS ExHa2 41 #
43 90l BFA} B BEL

)R B9l 5=(Air gap)°o| &
Sto] A AUz 42 F=]

=]
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A BAF 9]x] 47] 4 (bar) A BAIQIR] 27l 4(short circuit ring)

32 41 Open slot type SR =EA AllA FAF

° AAN )
RIS ot 29 KPS 1 lmm J}E AW BE GlAS SRalol, SYAIL spA o

T VL, g B2 Vs 54,

_5‘]_



3) Closed slot type?Q] 74-2{1s 43 7=

kol (TR g shs
« gRto] erage WYNFRR °‘°H A<

= 43 Open slot(Z+s) Y Closed slot($%) type $]&X}

2. AL ZR|M0 THE 2=AMS WIS 123 B JHYRF XY
1) FEAIFA PdAte] 2 2= AARS F4s] flsh Alg2 47 e
7

SRR 2 23] ANJSIO, Rotord] ZtEo] G SEWRHEE 10K o]4
AL WAY) A0 44, 45 FzE]

8,00

: | B

o PLLLE JIne

T 4,00 '% | / .{l/ 7 !
I Lo

2,00 HN m / 4/ 'h‘ % r
2 1
3 000
c
g -2,00 \/ \‘ \\ «HF I8 \ NALS /‘
£ 400 AL \ [
% V| /
g 500 \ t
£ \
~ 8,00

10,00

30 20 10 0 10 20  Grad 30
Winkel

a7 44 B)3A} Zheo) mhe SEWA Jejm
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(1) 50Hz
: 93K

o% ¢
=

o T
N

r2

: 102K

(3) 60Hz
: 106K

13 45 S0Hz(YYFE 29/A19) H 60Hz(F] 12 £YTAE) 2= (1.5K/17)




C,
I
H‘1
“(O (D s
C, V(t)
: —

Simplified equivalent circuit of an impulse generator

Zs)

As) =

L 5718120) s
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