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Life research of inverter transformer in UPS

ZHOU Rong',YAO Zhi Hui', YANG Hai Tao?
(1.Guangdong Dongguan Institute of Metrology and Quality Supervision Testing,Dongguan 523120, China ;
2.Leader Electronics Inc.,Dongguan 523100 , China)

Abstract: Based on working situations of UPS inverter transformers and life deterioration mechanism of Class H Nomex insula-
tion system, this paper lists out the inherent and outside elements those influence much of transformers working life. Through calcu-
lating of one transformer sample, gives out theory analysis methods and calculation formulas. The strategy to improve life perfor-
mance come out as Hybrid insulation |thermal running margin . continuous manufacture level and proper application occasions.

Key words; UPS ; deterioration ; Arrhenius curve ; dielectric strength ; mechanical strength ; corona effect ; loading situation

, 257.07 .
, . . UPS
. 5 15~30 (
. , UPS ,
, UPs ,
, , )o  INVERTER
“ ” . UPS ,
. UPS . . ,
UPS .
UPS, o 1 NOMEX
,2006 UPS NOMEX t,
127.9 , 26.1 , 2005 H
12.1%, 8.3%. NOMEX 21,
. 2007 2008 (1) 220 °C, 350°C;

( ) 2009

6

91



Power Supply Technology and Its Application

(2) , . UL94V-0; (3) , ,
(3) , ;
(4) ’ 9 ’ o
; (4) s UPsS
(5) , . . R ; 10~30 , INVERTER
(6) , , , . TRANSFORMER  UPS , 30
2 UPS , UPS
2.1 UPS(300 W~500 W) 2, 1 ,
(1) SOHO PC , , UPS , ,
, o 45 min s 90 min
(2) , UPS BACK-UP ; 1/10;
s s 5 min 2 . 40 (45%9+90)/60=8.25 h
s 20% . ¥
| 100% 90min 45 minx9
OFFICE (20 °C~30°C), (40%~ |40% ‘ ‘ ‘ ‘ ‘
65%), . I s I | L L]
(4) : 5 | 30
, 2 1 UPS
2 upPs
)o
1/5; UPS 3 UPS
1/3; upPs 5.1
BACK—UP UPS 20% UPS INVERTER o
(1) ( ) ) )
&
0% Swin 5 min 2) ;
- (3) ;
45 (4) o
3.2
| <20% NOMEX
: A ,  NOMEX ,
| UPS 3.2.1
(1) s 3 llJO
2.2 UPS(3 k VA~500 kVA) 2) , 4 on
(1) . . . . 3.2.2
, . , (1) , 5 [
24h o (2) , 1 t,
(2) , ON-CINE , (3) , 6 1
, 3.3 (Corona Effect)
40% : .
45 min , 1~2h, . , s 7 o
92 www.chinaaet.com { ) 2009 6



Power Supply Technology and Its Application

140 r T ) 14
120 1 1 — - n
100 ———] —
£

80 i S — = E— S 10—

- =
60 ?1\-/1-131):'“"'- =8 =
40k = T [ : 1 i 6 [150C \"‘--..‘__
204 - A "": _-L"'h-,.
0 [220°C

0 50 100 150 200 250 300

ASTM D-828 %0 100 1000 10000 100000 1000000
/C o
3 6 NOMEX® 410  0.25mm(10MIL)
140 60 Hz
120 - "_"_'__F'_""“"L—
100.:_...-—-3-“"" B (MD)
80 I _““(MD) ==
60
40 |
20 lr
0 |
0 10 20 30 40 50 60 70 80 90 100 110
ASTM D-828
1%
4
130; : : 7
120+ - (60 Hz) e
100— _— e — 4 Class H(180°)Nomex Inverter
80 S
607 ,
40 . .
20 , UPS
% 50 100 150 200 250 300 :
Ic ’
380 V,50 Hz;Class H ; (Dielectric)
—ASTM D-150 ~ASTM D-149
3000V/1 minP!,
5 IEC 141 . 40 C,
1 20 °C, 180 °C-40 °C(
% 0 9% )—20 C( )=120°C .,
V/mil 850 815 780 ) 180°C.
kV/mm 33.5 32.1 30.7 » Dupont Nomex 410
60 Hz 2.5 2.7 3.2 1.6 kV/
1 kHz 2.3 2.6 3.1 mm, 0.25 mm Nomex 410
60 Hzx 107 6 6 11 400V ; 1EC ,
1 Hzx 107 13 14 25 : 380V
(Ohm.cm) 6x10% | 2x10% | 2x10* 0.25mm  NX410 , )
, 4.1
; (Dielectric) ,
3000V, 0.25 NX 3kV
(2PC) . ( 12 kV/mm) ;

( )2009 6 0



Power Supply Technology and Its Application

o

Nomex 410 12 kV/mm

8 s Ahrrenius
. 8202
Log Tlme—70C+273 11.44 (1)
10
100
= 8262
o Elog time:oC_'.273 -11.44 -
—————— — —— ———— ==
10°
10° I
100 140 180 220 260 300 340 380
/°C
8 Nomex 410 12kV/mm
4.1.1
180 C.,
40% , 2, 9t
) 25%, :
120x25%+40+20=90 C (2)
180°C & 90 C (1), :
180°C ,Life=6.286x10° h (3)
90°C ,Life=2.091x10" h (4)
¢ 2), 30 , :
180°C  ,8.25 h/(6.286x10°h=1.312x10"° (5)
90°C  ,(720-8.25)h/(2.091x10")h=3.404x107° (6)
30 :
1.312x107+3.404x107° = 1.312x107° (7)
=
Life=1/(1.312x107%)x30 d=63 498 (8)
4.1.2
20 C, 140 °C
220 °C,
140-40-20=80 °C 9)
220-40-20=160 °C (10)
40%
80x25%=20 C (11)
160x25%=40 C (12)
40%
20+40+20=80 C (13)
40+40+20=100 C (14)
80 C 100 C Arrhenius (1),
(2)~(6) .
94 www.chinaaet.com

250
200
& 150
100
50
0
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
1%
9
180C Life=3.707x10°¢ (15)
220C Life=2101 (16)
4.1.3
UPS
220 C, (1)
Life=23.77 (17)
4.2
o Dupont s
10 ,0.25 mm Nomex 410 5
Arrhenius
Log Time=—-101 1040 (18)

C+273

10

7461

log time=

C+273

I e T e e e

| k

10 100 140 180 220 260 300 340 380
/°C
10 Nomex 410
4.2.1
180 °C .,
180 °C .40% 90 °C (18),

(2)~(6) ,

180 C , Life=11872
4.2.2

{ ) 2009



Power Supply Technology and Its Application

20 C,

4.1.2 (7)~(10)

220°C
4.2.3
uPpPs
220 C,
Life=6.18

220V

(

180°C ,

)

140 C 220 C,

’

Life=4.671x107°

Life=547

(HYBRID INSULATION ),

) 2009

(18)

(

o

6

’

380V

, Corona s

,Dupont ~ Nomex

o

, Nomex s

UPS

’ ’

UPS 0

[1] Nomex® Technical Information[P].Dupont.

[2] UL1446-2007 , Standard for Systems of Insulating Materi—
als—General[S].USA : Underwriter Laboratories INC,2007.

[3] UL 1778-2005 , Uninterruptible Power Systems[S].USA :
Underwriter Laboratories INC , 2005.

[4] IEC 60076-3-2000.Power transformers—Part 3 : Insulation

levels , dielectric tests and external clearances in air[S].

[TEC] ,2000.
[5] GB 1094.3-2003, 3 : .
[S].
,2003.
( :2009-03-20)

95



