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9 BUS Preface

v ARSHRIUORARRERTDENEELT , 5k , PEFNGEIHADERAFRRIAR | EEE T st S E
TEMEXREBUR | ﬁﬁ'ﬁ,ﬂbua_uﬁi%ﬁ%bﬁﬂz%ﬂo

v 3D wound core technology is an important means for technology energy saving. In Recent year, China is dedicated to globe energy
saving activity development and has made several policies on energy efficiency development of distribution transformer, which

accelerated 3D wound core technology promotion.

* =E&RZThree Ministries (MIIT,AQSIQ, and NDRC)
(BCREZSEESaEURT T4 ( 2015-2017 ) )

Distribution Transformer energy-saving promotion program (2015-2017)

, T {SEB Ministry of Industry and Information Technology(MIIT)
27 "BENZE" FFmER (2016)

2016 Transformer “Energy star “ catalog

* A P2 National Development and Reform Commission(NDRC)
(SRR E R BARSSIESER) 2016k

2016 Strategic Emerging Industry Key Product and Service Guidance Catalog
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3D Wound Core Technology Brief Introduction
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o BERGE

¢~ Comprehensive Features

PHEA R

Energy-efficiency

TEIRFE(KX Reduced No-load Loss
ZSEEERIK Reduced No-load Current
T Material Saving

VRt Small Leakage Flux

12Z{K Low Noise Level

BL2nE
Safe & Reliability

6. =B Symmetrical 3phase
7. JUASIKEESISE Strongly Withstand Short Circuit
8. BEFIDIYS Even Temperature field
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o B SEURIE

¢~ Advantage 1: Low No-load Loss

TERTHIRFETE AT

Here is the formula to calculate no-load loss of transformer:

))) Py =Ky x Gx P,
¢ T 2% Technology coefficient

SNEESEESRM . RATERXTZ , RGO T ZREEILIXEI1.01~1.05 , ME KO T Z2FE/91.05 ~ 1.35,

Continuously winding core & completely annealing, technological coefficient of 3D wound core is 1.01-1.05, while El core is 1.05-1.35.

X0 E = Core weight
BROBEERTEWIZHRE |, L925%.

Core weight reduces about 25% because of optimizing structure & production.

$OEIBRRIIREE Material unit loss
BOBHIERRES | RN GEEBREE , P, T,

High lamination factor will reduce magnetic flux density B. Then P, is reduced.
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Cﬂaﬁm§:hi§ﬁmﬁﬁﬁi

¢~ Advantage 2: Low No-load Current

| TR . BRSSP T HIE

. 3D Wound Core

' * Lots of seams and air gaps in the magnetic circuit
create resistance

- BROABRE NSRS B ORI B S RFEE
D=

* Anangle between the magnetic field lines and

.« Z=IBMsCIESE
*  Without air gaps in magnetic circuit
© NS5O S RTE—E

* The direction of magnetic field line is

with the direction for core material easy to

entirely consistent with the direction for i
magnetize

- XREUPE. B8R, F. BERRESFLE  ZER
BHEQRET 2K

e Burrs and seams occur during the processes of

core material easy to magnetize
« IBXTIZ , ek ErEINEI4RE

*  Fully recovery of silicon steel performance

by annealin
y 8 cutting, laminating, yoke installing influence the
no-load current SRR i
El Core !
|
I
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o RR=: REE
¢~ Advantage 3: Low Noise Level

(oo o o« WLERHPREAERZ RIS SBRINA T HARE
i SIS * Lots of seams and air gaps in the magnetic
! 3D Wound Core circuit create resistance
. CiamR T «  BROAERNZS ORI ZBHA S RF
N R £k

*  Without air gaps in magnetic circuit

. = \ AINR=}»; = AT
NS RO BN e 2 —H with the direction for core material easy to
* The direction of magnetic field line is entirely magnetize

- KEURH. B8R, iF EERESLE  2E
R, FAEMEET ZKFERM0

e Burrs and seams occur during the processes of

* An angle between the magnetic field lines and

consistent with the direction for core material

easy to magnetize
- IBXTIZ , eeREFENHILRE

* Full recovery of silicon steel performance by

cutting, laminating, yoke installing influence the

annealing no-load current
© ZHRSOABREH  TRFKRE, —RA . EREEE S ORERETSESEER
B4\ T ESERIELO ~ 259 W , AT A SRR A
=Pk
IR * Core needs to clamp. Magnetostrictive effect
* Coeis of self-stable structure without any causes larger noise due to uneven clamping
clamping. In comparison with El core, sound :
Y 1
level can be reduced by 10dB-25dB, which is FEL !
El Core !

nearly muted
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%o (AT : R

Advantage 4: Material Saving(Core material)

HRABRERT

Same design plan

BHERN , SZASEHROEKIRER D b E TR0
D25% , 9T E10%FEN A

Yoke cross section of 3D wound core is almost
75% of the El core, which can save around
10% of silicon steel.

BHENEMA , TELNS%IENA

Angle parts of a single frame of 3D wound core
are smooth and round, which can also save 5%
of silicon steel than El core.

MEFIBZ=ER100% , tbESOEA5%
Material utilization rate of 3D wound core is
nearly 100%, around 5% higher than El core.

MBEIROT R ( ZTIRFERFE )

Optimizing design plan due to low NLL

N AR EH—P T,
Silicon steel sheet material consumption
decrease more.
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%o Hesm « i ( SLEHE)

Advantage 4: Material Saving(Conductor)

MRS TR OOEREIE

Sectional drawing of 3D wound core limb

SRl FESHKOOEEEE

Sectional drawing of El or planar wound core limb

> HFRHRE

» Lamination factor

0.95~0.96

> HFRHRHY

» Lamination factor

0.89~0.925

VRGO EHEIERRHS
Cross section lamination factor of 3D

wound core is higher

BREFRBEER T |, (SR OOE
B2/

Provided the effective areas are exactly
the same, the diameter of 3D wound

core limb is smaller than that of El core

NSRBI SERKE | TTASRELM.
B BT 2 AJ LA R SR B dRAe

As a result, less conductor is needed for
coils, which also helps to reduce the load

loss.
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o HESE « RN

¢~ Advantage 5: Small Magnetic Flux Leakage

o ‘ ‘ : v MBSO R KA R A ERY

2 s 7 ? BT, AN | (IMEREER

f : f f FESRH—E | FiOHRIEST,

° 'j :’ 01 3D wound core structure results in a greatly

; :2 2 ‘ 2 reduced electromagnetic stray field around

j j j j the transformer. The magnetic flux leakage is
4 3 2 4 0 1 _2 3 4 4 3 2 4 0 1 2 3 4

only half of El core.

SFEE RO TIE

Vertical view of magnetic field for

ST AN

Vertical view of magnetic field for

3D wound core planar El Core




g SZIBESR AT 3D Wound Core Technology Brief Introduction

O‘O ﬂcnul \ e —*E SIZ@

Advantage 6: Symmetrical 3 Phase

| ST L
! 3D Wound Core . A-CREEREVA-B. B-CHYRZERI<1/2

* Magnetic circuit A-Cis 1/2 longer than A-B and

=N IKE—E, B&E B-C

Symmetrical 3-phase & shortest magnetic

circuit

FEEKL
El Core
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o At : HEERRE T3S

¢~ Advantage 7: Strongly Withstand Short Circuit

| ST
! 3D Wound Core o HOBRAARENIE. AEREBEREEM

B, RS RZEIREREER , TH LK
LI ETRIRE , ST ERTE
PERT , EERYR S SRR

* The core is stacked by different size and

ROEESESRMAL , tROEE , B
=HEZ IR

3D wound core is firm by continuously

shape sheets without reliable connection,

winding; and three phases are upper yoke is easily broken up by impact

symmetrical

SEmE#%G
El Core
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o At : HEERRE T3S

¢~ Advantage 7: Strongly Withstand Short Circuit

-------------------------------------------------- °
M FETRL © RERMAIKE ARG | BIRRERE |
: 3D Wound Core THEEA ST
* The clamps are separate elongated structure
« REA=RIEE—NIEZRE |, BBIK parts with weak stability, large span and
BES easy deformation.
* The clamps are weld together in triangular - BHEZLBEZEBERKE
structure. It is of high e Clamping in B phase winding is week ( p \){/ I \\k | | I
. SESEEEER— et i
*  Uniformed clamping for three-phase windings FEEG T
El Core !
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o At : HEERRE T3S

¢~ Advantage 7: Strongly Withstand Short Circuit

MFEHC
3D Wound Core

- FEFERIONEE , FRZENFA—E

* Non-concentric coil, stress inconformity

- BEEROEE | ERZNHY

*  Concentric coil winding, radial stress uniformly

SEEERG
El Core
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o AU\ - BEHAES

¢~ Advantage 8: Even Temperature Field

:' ————————————————————————————————————————————————— { ]
| ST B \ S e
! 3D Wound Core - TEIEHEEMUENE T ZBRYHE
* Cancel oil duct between phases border part
. ERE - BIEGESEGTRAEYN , AeTRFHRS

* Affected by other two phase windings, hot spot

e Circular Coil, even oil duct
- ZIEZLEIE=FAFHMR |, BRRTHE

*  Triangular layout of three phase winding,

temperature rise of B is high

low hot spot temperature

PR

:
El Core i
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3D Wound Core Technology Improvement
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o BIS
O‘O Preface

BEEAETRERAMIBINIAERORA | FFEFEARIVER. TR , PERESRTWEIMFERORA
%, PEUEROBON , ETRE. MR, SREFRUIIFEINL |, #EEMRSEVAIARE.

3D wound core technology meets the concept of sustainable development with its obvious energy saving advantage.

Nowadays, Chinese transformer industry is committed to continuous research of 3D technology in energy saving,

environmental protection, high voltage level, and sharing technology.




IFFRERMUINESIR DR ERS

Amorphous Alloy 3D Wound Core Transformer
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o ERARUBEHUEES

¢~ Amorphous Alloy 3D Wound Core Transformer

[ wnme N emma

— " Globall Patent
ER B - BB + B e 9
Amorphous alloy 3D wound Core . Initiate ¢ %, Technology
= Most ideal Structure +most energy saving material
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ot IFRE BB ERSR

¢~ Amorphous Alloy 3D Wound Core Transformer

EPEERIH

Most energy saving material

- FREER—MEHHNESNRKHIERERT
B, STHENNRAEYE , BERHMEREN
5. BRASKIRE. IBTIHMENEEESFNA.

*  Amorphous alloy, a new and excellent soft
magnetic material, is introduced to enhance
efficiency of transformers. Amorphous alloy of
special crystal structure differs from silicon
steel in better excellent EMC, lower unit loss

and higher saturated flux density, etc.

IFERAOREINMERERTLL

Amorphous alloy and silicon steel comparison

TR

Saturated %Bﬁ_$ PR -
. Resistivity = =
magnetic Unit loss EE
density Thickness
EREE w
Amorphous alloy Silicon steel

T EBIEERBANO-cm ; BAIRFESREE LT , BAAW/KG | EESAAMm,

Note: Resistivity is in Q-cm; magnetic density of unit loss is 1T in W/KG. Thickness
is in mm.
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~ RS EVBEH0LE

Amorphous Alloy 3D Wound Core Transformer

{34 Advantages
=#3E#& symmetrical 3phase MFBI%EE/I5E Strongly Withstand Short Circuit

. @ 0 . Fi d Seaml
BEDS Y45 Even Temperature Field PRILIEE., FHEEE Firm and Seamless

ESG5 , AOSE , —ANE , TR
Continuously winding, close structure, uniformed

curing, no chip
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~ AFREEMZBEHRLRE

Amorphous Alloy 3D Wound Core Transformer

P HE Energy Saving
© BEIRFETEIYLUIRE TBE20% © THEREILRETE75%
*  No-load loss is average 20% lower than *  No-load loss is average 75% lower
the standard N than the standard

20% 1R_%
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~ AFREEMZBEHRLRE

Amorphous Alloy 3D Wound Core Transformer

{KIERS Lower Noise Level

BRI @S G IRO T RIEEKEXIT (dB)
State Grid and 3D Product Comparison on Sound Level (dB)
60

50

48 —— 12
40 —a— —o—41 e a

30
20
10

100kVA 200kVA 315kVA 400kVA 500kVA 630kVA

—ENEE O MSHROIRE

State grid 3D wound core
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ot IFRE BB TIRLZERSR

¢~ Amorphous Alloy 3D Wound Core Transformer

BaithizlaR Market Share a6 ;_3\(:/:'; e .
G ol SAR e
S NS il IO
CWIRal T ip e U A
) p— a2 X e =TT o iR TR
- LIERIR. SEEafl 2016 ERA ST S SRR A4 5000 A8 i PR ST
PR ; .‘,, "-\lt..'v’ ..
é\o Fl%géﬁg;x}$$ﬁ 1 %E‘Bé% I ﬁiiﬁikﬁ.[}g%_o :/»_..'.,"‘_@ » y.‘t-‘- / l‘“t({(l t\b‘:. E’;,‘;".S(hu . y
2 ' s y "-' l(.z.(.. . -.‘ Si(.;’
* Take Guangdong and Yunnan provinces for example, in the year of 2016, about 5000 ' * o Py« & 2 NaseaBane <
Ny X\ > - i’?[’[‘- MWile
transformers are sold to Southern Grid. The products have passed all the selective - e ' Rl 4 ".“ X F &

checks.

7

i
hl

-5 h

7

i

2

7
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~ RS EVBEH0LE

Amorphous Alloy 3D Wound Core Transformer

FREEFIEFELE National Patent Award

- IRRMAER ORI ERRRETE TSR,

* Patent of amorphous alloy 3D wound core oil-immersed transformer won as China excellent intelligent property.

ETN\EHRETNABRIEER

18t China intelligence pr%erty award list
(5682

Fs S EHEW EFHHA %A
457 | ZL201220241988. 7 Eﬁzﬁﬁ%ﬁmk%%&ﬁ&gﬁ HE S A TRAF] LA, FRlIR

"nr
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o AR EHOTREES

¢~ Open Ventilated 3D Wound Core Dry Type Transformer

T

/

<
i,
>

YYVYVYVYY

MG MEREL A 3D Wound Core Performance Advantages

IMR Environmental Friendly

JE8%/)\ Lower Partial Discharge
S RE High Insulation Level
MiHEEEETR Strong Climate Resistance
BhEABAZE Anti-moisture & Dust-proof

BN Anti-fire
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& MIFFR SIS T ESS
¢~ Open Ventilated 3D Wound Core Dry Type Transformer

IR{R Environmental Friendly

© EFTIRFER , KD TEERATBEME | GBI SRR , FEXINRIEKEE.
*  Production process is simple. Most of the material uses recyclable materials. The coil can be decomposed. It will not cause harm to the

environment.

O ELANTAS

Electrical Insulation

NOMEX®
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8, BRSO TR ES
¢~ Open Ventilated 3D Wound Core Dry Type Transformer

FEBH%4)r Small Partial Discharge

© BBERFAE , MRER , ROEERA, BEMEENTS5pC,

* Reasonable insulation system; reliable material; core with no sharp corner. PD can be less than 5pC.
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& MIFFR SISO F T ESS
¢~ Open Ventilated 3D Wound Core Dry Type Transformer

#BSSEN S High Insulation Level

BEEFRARE  REAVFEREN220°C, RAHNGBIED  BEREEIE, THEEIE.

Insulation class R, maximum allowable temperature 220°C . Disc coil structure, strong heat dissipation ability. Overload capacity is strong.

220

210

200

190

180

170

R oIEE(C)
Max. allowable temperature(°C)
220

HFFFZE OVDT (NOMEX®)
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8, BRSO TR ES
¢~ Open Ventilated 3D Wound Core Dry Type Transformer

fif{&EBESR Strong Climate Resistance

\

|

B

A

FEEX BT SEEM FBNOMEX "R R S BE RS,

BENRR  EEENEEANSTINET , BB,

* Insulation paint and the U.S. DuPont NOMEX" paper mixture insulation
system, entirely VPI, enable the core and coils to cope with extremely

freezing and horrid climate and free from cracking.
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& MIFFR SISO F T ESS
¢~ Open Ventilated 3D Wound Core Dry Type Transformer

BAEABG 4 Anti-moisture & Dust-proof

S T e AT B o DT o A ) =11 e M
* Subject product to extreme damp and dusty tests. And the insulation

performance is still reliable.
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8, BARTEEROTFRE
* Open Ventilated 3D Wound Core Dry Type Transformer

BHX Anti-fire

© BEETAERR  E7S5S0°CLATASERHBESN  BRE,

* Insulation paper is fire retarded. It will not release harmful gas below 750°C.

—P2ZiE

One minute later

VPIi& ®NOME X “H i & VP& ENOME X ®H i &
NOMEX® electromagnetic wire subjected to VIP NOMEX® electromagnetic wire subjected to VIP
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& MIFFR SIS T ESS
¢~ Open Ventilated 3D Wound Core Dry Type Transformer

WA ARG OEESAE R EEEHIERIFR AR
3D OVDT Won the 5th Period Green Manufacturing Science & Technology Progress Award

SENBNYRLISR

FhEFESFNERFRMBLE R

iE
—~F xR

= g
MR EEROTATERE

BRRRAHAMAT

ERRMA: FR2 SUA RXF RAN SZA NER LN RAN
L L R

L cume, 2015801 @\mﬂlllIISQ =X BT TR |
X




110kVIZ G5k B D28
110kV 3D Wound Core Power Transformer

H h i r:
L ummrml
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oS 110kVIZ{FEEOEBIE
110kV 3D Wound Core Power Transformer

flt== Advantages

————————————————————————————————————————————————————————

;ﬁ)\) - ‘é@f Small Investment - Cost-effective

i?mﬁﬂ‘é — ZH Low Loss - Power Saving
R — Z8H Low Noise - Quiet
EEH{E\E — 24 Low Partial Discharge > Safe
ITRITEEE (REY)— TR

' Low EMC (Small Flux Leakage) -> Environmental Protectior],:
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oS 110kVIZ{FEEOEBIE
110kV 3D Wound Core Power Transformer

E T ZWEFRIE Material Technology Dual Assurance

TS
-

*

*

o 3

B

*

*

3

v REZBEXARISE ( BFSE ) MRAVZETZ
v Transposed Conductor Wire for LV Coil (Self- Excellent Coil Winding Technique

adhered Lead)
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co

110kVIZ{BEERO B HEESS
110kV 3D Wound Core Power Transformer

E=BLE Active Part Advantage

HLERAESRTLZ | HREBEERIATTER T ZEE.

Winding adopts set-winding technique to cancel the technical gap reserved by winding sheath.
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o 110kVIZ{AEERO B HEESS
>~ 110kV 3D Wound Core Power Transformer

B Low Partial Discharge

ElSRtTH f7AkIKE MBEHOTEmIKFE
Chinese National Standard Industry Level 3D Wound Core Product Level

300PCLAMY 20PCLLF
Within 300PC >0 ~ 100PC Within 20PC

BERVBSFEFNIUERAYRM 9 mig RIS

© BROREENTEMESRMA , SiIRER © ROENSREXERRER

«  Core winded by silicon steel, no sharp corner *  Burr removed by high temperature annealing * Reasonable insulation structure & excellent material
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o 110kVIZ{BEEROBHEESS
>~ 110kV 3D Wound Core Power Transformer

Eﬁﬁﬁiﬁiﬂﬁiﬁﬂg%ﬂﬁl EMF Impact to Environment

- BrIEAIREEHEK  (EEHZESI EREREEXE.
*  Currently there is no compulsive requirement for EMF radiation, but paid closed

attention by resident.

EIET i TAkKE MFE O mIKE
Chinese National Standard Industry Level 3D Wound Core Product Level

500nT 300 ~ 400nT 200 ~ 250nT

0 - ' e
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o B
¢~ Conclusion

MBS OB B @A , EORERHRMASRKRSREH. ARSI ORAR
NERHE | EAFPENDEHFRITIEMREAFHEXRTIH.

3D wound core is becoming perfect with its more obvious advantages of energy-saving
emission reduction. The developing technology will make greater contributions to

China and the world on energy-saving emission reduction activity.
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