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SI

“Standard for Systems of Insulating Materials,

UL 746A“Standard for Polymeric Materials — Short

UL 746B*“Standard for Polymeric Materials — Long Term Property Evaluations”

1.
1.1
1.2
General”, UL 1446
1.3
1.4
2.
2.1
2.2
23 2.1
2.4UL 94
Term Property Evaluations”
Materials — Fabricated Parts”
2.5

Fabricated Parts”

UL 746D*Standard for Polymeric

UL 746D*Standard for Polymeric Materials —



November 29,2001 5

2.1

UL 746C

Polymeric Materials — Use in Electrical Equipment Evaluations — UL 746C (

Material Application®

|

Enclosura

Sec. 4

|

l

Electrical
Insulation/
Barriar®

Sec. 9

Addiflonal Considerations for
Materiols Not Meeting Pre—
Selection Test Performance Levels
Toble 8.2, Sec. 10-40

Adhesive
Sec. 41-43

Conformal
Coating
Sec. 45, 72

Metalllzed
Part
Sec. 46-48

9 More than ome applicotion moy opply to the maleriol under investigation.

b For altemate material substitution see Appendix A
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3.
3.1
3.2 —
3.3Delete
3.4 —
3.5 —
3.6 — CTI UL 746A*“Standard for Polymeric
Materials — Short Term Property Evaluations”
CTI PLC
600<TI 0
400<TI 600 1
250<TI 400 2
175<TI 250 3
100<TI 175 4
0<TI 100 5
3.7 —
3.8 —
3.9 —
3.10 —
3.11 —
a /
b
3.12 —
3.13 —

3.14 — UL 94 “Test for Flammability of Plastic Materials for Parts in Device and
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Appliance”

3.15 —
UL 746A*“Standard for Polymeric Materials — Short Term Property Evaluations”

3.16 —
3.17 —
3.18 — HAI

UL 746A“Standard for Polymeric Materials — Short Term
Property Evaluations”

HAI — NA PLC
120<NA 0
60<NA 120 1
30<NA 60 2
I15<NA 30 3
0<NA 15 4
3.19 — HWI

UL 746A“Standard for Polymeric Materials — Short Term
Property Evaluations”

HWI — PLC
120<IT 0
60<IT 120 1
30<IT 60 2
15<IT 30 3
7<IT 15 4
0<IT 7 5
3.20 —
3.211EC GWIT)—  IEC 60695-2-1/3 GWIT
25°C °c
3.221EC GWFT — IEC 60695-2-1/2 GWFT 30
3.23 —

3.24 —
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3.25 —

3.26 —
3.27 —
3.28 —
3.29 PLC — /
3.30 —
3.31 —
3.32 —
3.33 —
3.34 — .
a) 42.4V
b) 1500 ohm 0.5mA
3.35 —

a 42.4V
8A BA

b 15W
3.36 —
3.37 —
3.38 —
3.39 —

3.40 —

3.41 —

3.42 —

10
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4,
4.1 4.1
4.2
UL 746A“Standard for Polymeric Materials — Short Term Property Evaluations”
4.3
0 V-1 V-2 HB
4.1 1I V-0
4.4 2cm® 3cm
5VA
V-2 HB
4.5 22
4.1
1 11
K
HB a,d Vb,d
8.1 YES YES
24 YES YES
23.1 NO NO
29.1 YES YES
30.1 YES! NO'
31.1 YES® YES®
32.1 YES NO
33.1 YES YES
27.1 YES® YES®
28 YES" YES"
28.2 YES YES
NO NO
aHB GWIT GWFT 750°C, 17 18 12mm 20 mm
bV=V-0, V-1 V-2 17 18 12mm 20 mm
HB 5
c5VA 127 mm 19
d 21
e HB 63.2  V,5VA 12 mm 20 mm 63.1

Q -

[ —

k 1l

S5VA 5VB V-

5VB V-0 V-1

III

5vA &4
YES
YES
YES
YES
YES

YES
YES
YES

YES®

YES
YES

YES
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5.1

5.1.1
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V-0,v-1,v-2 12mm
20mm 17 18 HB
HB 4.1
30.1 31.1 32.1
HB 52 53 54
1
2
a.
b. 1 PCB
C. 11 PCB
3 snap switch)

5.2

521

5.2.2

53

5.3.1

UL 20, the Standard for Snap Switches;

UL 496, the Standard for Edison-Base Lampholders;

UL 498, the Standard for Receptacles and Attachment Plugs;
UL 1054, the Standard for Special-Use Switches;

521 52 53 54

a) UL 310, the Standard for Electrical Quick-Connect Terminals;
b) UL 486A, the Standard for Wire Connectors and Soldering Lugs for Use with Copper Conductors;

c) UL 486C, the Standard for Splicing Wire Connectors;

d) UL 486E, the Standard for Equipment Wiring Terminals for Use with Aluminum and/or
Copper Conductors; or

e) UL 1977, the Standard for Component Connectors for Use in Data, Signal, Control and
Power Applications.

V-0 V-1

5.3.1@),(b) (c)

3mm
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a) uL94  V-0,V-1,VTM-0, VTM-1

b) UL1694 SC-0 SC-1,SCTC-0, SCTC-1

c) IEC 60695-2-1/3 |EC 60695-2-1/2 GWIT GWFT 750°C 75
5.4
541 3mm

a) UL 1581  VW-1

b) UL 224 VW-1 UL 1441

c) UL 510
6.
7.
8.
8.1
8.1.1 /
8.1.2

21.1
8.1.3 4
8.14 8.1
8.2
8.1 7 8.1

8.1.5
8.1.6 UL 746A*“Standard for Polymeric Materials — Short Term Property

Evaluations” UL 746B“Standard for Polymeric Materials — Long Term Property Evaluations”

8.1
8.1 8.2
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8.1.8

8.2

8.2.1

8.2.2

8.1

Polymeric Materials — Use in Electrical Equipment Evaluations — UL 746C (

8.1

0.69GPa

8.2

0.5g/cm’

14
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Figure &1

Figurative examples for Table &.1
Revisad Figure 8.1 effective June 1, 2004

1, dy

[Al___ ¢

[ v 11
(] L g

2 e

4,
-
d‘]_ _t_ dy
—=f dy |-

¥ w ]°F

53463B-1

dy + dz < Sa
WHERE dy , d = THROUGH AIR SPACING
Sa = APPLICABLE THROUGH AIR
SPACING REQUIREMENT

d < 12.7mm
WHERE d = OVER SURFACE SPACING

0=d < 0.Bmm
WHERE d = THROUGH AIR SPACING

d'l » dz < {0.Bmm

dy < 12.7mm

WHERE dy , d3 = THROUGH AIR SPACINGS
dy = OVER SURFACE SPAGING
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Figure 8.1 {Cont.)
Figurative examples for Table 8.1
5. d € 12.7mm

ELCE r d  WHERE d = THROUGH AIR SPACING
C = ELECTRICAL CONTACTS, e.g.

T SWITCH CONTACTS,
M RELAY CONTACTS,
BRUSH /COMMUTATOR CONTACTS
6. d
EIJ 0.8mm £ d < 12.7mm
WHERE d = THROUGH AIR SPACING
1T
7.
D = ACCEPTABLE INSULATING MATERIAL
IN CONTACT WITH "A" AND MOUNTED
ON "M™ BY SCREWS
8.
d 2 12.7mm
12
D£d<3mm

WHERE d = THROUGH AIR SPACING

A = UNINSULATED LIVE PART

B = (1) UNINSULATED UVE PART HAVING DIFFERENCE IN POTENTIAL
FROM A, OR
(2) DEAD METAL PART THAT MAY BE GROUNDED IN SERVICE OR
IS EXPOSED TO CONTACT,

M = POLYMERIC MATERIAL UNDER CONSIDERATION

Note: 51; ALL SPACINGS ASSUMED TQ BE RELIABLY MAINTAINED.
2) UNLESS SHOWN IN CONTACT WITH “M", ALL LIVE PARTS
ARE SUPPORTED BY STRUCTURES NOT DEPENDENT ON "M",

S34838-3
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UL
746A

UL
T46A

UL
746A

(CTI)
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8.1 /

V-0 V-1 V-2 HB
PLC VTM-0 VTM-1 VTM-2
50x10°  50x10° 50 x10° 50 x10°

Ohm-cm

C )

10x10°  10x10° 10x10° 10x10°
Ohm-cm
90% )

5000 5000 5000 5000
V(rms)
( 90%

PLC

0.8mm

) 17

8.1

1 @
€)
®)

(M @
€)
®)

2 G
4)
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8.1 /

V-0 V-1 V-2 HB
VIM-0 VTM-1 VIM-2

PLC b 8.1
CTI UL ¢ 2 2 2 2
746A  PLC
UL 60 60 60 60 CTI 2) (3) @)
746A 601V-5KV (8)
2.5KV
( 300 300 300 300 CTI 2) (3) @)
15 ) 25.4mm 5001V- (3)
35KV
UL % 2 2 2 2 “ M 2 3)
746A @ 7 (8
UL 10 1) 2 )
746A 66psi 90 4 5 (6)
7 8
25
105

40 95
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8.1 /

V-0 V-1 V-2 HB
VIM-0 VTM-1 VIM-2

PLC
UL
746C
UL 3 2 2 1
746A PLCY
(HAI 0.8mm
12.7mm
UL 4 3 2 2
746A  PLC®
0.8mm
(HWI)
UL MPa
746A  KJ/m®
J/m
UL
746A 33.1 33-39

RTI

8.1
O OE)C))
(G)ONT)(®)

(H@G)E)

(5)(®)

@0G)

(4)®)

(2)4)
(7)(8)

(H@G)E)
(5XOX(TX(8)

19
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a UL 94 5VA

12mm i
V-1
b
C
d HAI
137

HAI -

e HWI

5

18
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5VB
13 _3/ L2

CTI
600<TI
400<TI 600
250<TI 400
175<TI 250
100<TI 175

0<TI 100

120<NA
60<NA 120
30<NA 60
I5<NA 30

0<NA 15

120<IT
60<IT 120
30<IT 60
15<IT 30
7<IT 15

o<IT 7

ER)

8.1 /

19 13

12.7mm
PLC

NA PLC

-127mm

9
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8.2
- 16.1
- 121
(CTI)
- 273
(
- 30.1
(HAI)
(HWI)
(HWI)-
- 36
" 39 (13
8.1
0.71mm
0.15mm mica

PETP

) 21
)
- 24A
13.3 13.4
- 14
2" 37 (13
0.33mm
>0.18mm
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C

9.2

9.3

10.

10.110-40

10.2

11.

11.2 UL 746A“Standard for Polymeric Materials — Short Term Property Evaluations”

Polymeric Materials — Use in Electrical Equipment Evaluations — UL 746C (

11.3
15
11.4 8.1
CTIPLC
11.5 841
12.
12.1
35.0+£20
60Hz

9

) 22

UL 746E“Standard for Polymeric Material- Filament

“Vulcanized Fibre”

CTI

0.8mm

4.1

9.1

8.1

600V

CTlI PLC

23.0+£20
905 %
5000V

8.1

IEC 112

(50£5)%
96

CTI PLC

40

Wound Tubing, Industrial Laminates, Vulcanized Fibre, and Materials used in Printed Wiring
Boards”

600V

50-
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13.
13.1

13.2

133

13.4

135 49.1

Polymeric Materials — Use in Electrical Equipment Evaluations — UL 746C ( ) 23
HAI
UL 746A"Standard for Polymeric Materials — Short Term Property Evaluations”
7 8.1
0.8mm
0.8mm 12.7mm
13.1 49.1
V-0 15
V-1 V2 30
HB 60
49.1 1000V  60Hz

UL 746A*“Standard for Polymeric Materials — Short

Term Property Evaluations”

14.

14.1

14.1.1

14.2

14.2.1

14.2.2

HwWI -
8.1
14.2
50.1
75.1
1 20.8mm
2
501 50.2

30A
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14.2.3
143 GWEPT)
14.3.1 73.1.1-73.6.2
a
b
30+1
15.

15.1UL 746A“Standard for Polymeric Materials — Short Term Property Evaluations”

600V-35KV

15.2 8.1
5001V-35KV
1”

601V-5KV
16.

16.1

a 23.0+2.0 505 %
50MQ-cm

b 35.0+2.0 90+5 %
10MQ-cm

16.3
16.2 UL 746A

16.3 120V

0.75mA

16.4

- 300
60 -
40
96
72.1-72.5
0.5mA.
0.5mA
<20A
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17.

17.1

18.

18.1

19.

19.1

20.

20.1

20.1.1

20.1.2

21,

21.1

1.83m

Polymeric Materials — Use in Electrical Equipment Evaluations — UL 746C (

— 12mm

51.1-51.6 30
1

5VA 5VB V-0 V-1 V-2
— 20 mm (3/4”)

52.1-562.5 30
1

UL945VA 5VB V-0 V-1 V-2

30

51.1-51.6

— 127mm (5”)
53.1-53.5
5 5
1
UL 94 5VA 53.1-53.5
— 746-5VS
54.1.1-54.2.7
305mm
5 5
0.93 m?

UL 723°
200

30

52.1-52.5

305mm

UL 94°

25
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305mm
UL 94* ”
22.
22.1
22.1.1 55 ~ ?
6
22.1.2
a UL 94 HB
b
c
d
e
221.3 55 ¢ i
22.14 <60 22.2.1 55.1.1.1-55.1.6.1
22.2
2221 55.1.1.1 55.1.21 55.1.3.2
a
b 55.1.4.3
c /
d
2222 60

746B“Standard for Polymeric Materials — Long Term Property Evaluations”

50%

200

26

UL
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23.

23.1 56.1 1

24,

24.1 57.1 57.3

Cc

242 24.1(b)

24.1(c)

25.

251

252

253 300

254 1000

255
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25.6

26.

26.1

26.1.125.2.1-25.41

26.2 Vicat

26.2.1 25

30.1°

105

746A“Standard for Polymeric Materials — Short Term Property Evaluations”

90 UL

746A"“Standard for Polymeric Materials — Short Term Property Evaluations”

26.3
26.3.1 10
26.4.
26.4.1 64
95
27.
27.1
272 271
1000
70%
1
58.2.7-58.2.11 58.1
2

40

58.1.1-58.2.11

720

58.2.3

58.2

70% 225%

UL

28
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a 26.2
b 360 500
80% 360
500 80%
27.1
a b
¢ 70% 50%
. 70% 50%
a. 720 1000 58.1.1-58.2.11
b. 70 7 59.1
C.
58.1
27.2 a
% b
>70 5.0 (6.8)
50-69 10.0 (13.6)
25-49 20.0 (27.2)
25
a.
b. 720 1000 26.2
28.
28.1
28.1.1 27.1.2
59.1 59.2
28.1.2 26.1 70 59.1

50%



July 7, 1999  Polymeric Materials — Use in Electrical Equipment Evaluations — UL 746C (

28.2

28.2.1

168

2.0%

UL

746A“Standard for Polymeric Materials — Short Term Property Evaluations”

29.

29.1 60.1

30.

30.1 61.1
150%

30.2 61.1

31.

31.1 63.1 63.2

4.1

63.1

63.2

30



July 7, 1999  Polymeric Materials — Use in Electrical Equipment Evaluations — UL 746C (

32.

32.1 62.2 63.1
150%

33.

33.1 63.1 63.2 41

34. -

34.1

342 341 35-38

69 “ - ”
343 40 “ ”
34.1
35
36
37
38
35.
35.1 35.1
35.2
353 “ ?

36

35.1

31
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35.4

36.

36.1

36.2

36.3

36.4

1
2
a
b
35.1
36
35.1
36.1
36.1
36.1
36.1
37

I\

80

65

50

50

38

37

176

149

122

122

Polymeric Materials — Use in Electrical Equipment Evaluations — UL 746C (

65

65

50

35

149

149

122

35

32



July 7, 1999  Polymeric Materials — Use in Electrical Equipment Evaluations — UL 746C (

0.25mm

b,h

c,d

1.55
>1.55

c,d

c,d

c,d

cd

AMC BMC DMC SMC,TMC

36.1 @

ISO
° (PA)
(PC)

(PETP)

(PETP)

(PBTP)
(PP)
(PPS)
(PF)

cd

(PTFE)
(PCTFE)
(FEP)
(UF)
(ABS)

(SIR)
(RTV)
(EP)

(UP)

65
80

75
105
75
65
105
130
150

130
150
180
150
150
100
60

150

150
105

130
105
90

130

105°
130

33
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36.1( )

1.55

>1.55

105

180 504
130

25%

ISO
(LCP)

130

130
60
90

130
150
200

130
150
200

34

°C

50%
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37.

37.1

Polymeric Materials — Long Term Property Evaluations”

Polymeric Materials — Use in Electrical Equipment Evaluations — UL 746C (

UL 746B“Standard for

37.2UL 746B“Standard for Polymeric Materials — Long Term Property Evaluations”

Ln

373

374

38.

38.1

RTC

°K °C +273.16

38

RTC

Ln(t) = A +B/T

35

RTI
RTI
UL

746B“Standard for Polymeric Materials — Long Term Property Evaluations”

38.2

383

384

UL 746B RTI

t1 tO

35
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38.5

38.6

38.7

38.8

39.

39.1

39.2

393

394

395

39.6

UL 746B“Standard for Polymeric Materials — Long Term Property Evaluations”

RTC =[1/(RTI +273.16)  (logF)/B]"  273.16

F tilto
to 50%
t4 %

RTC
RTC

RTC
RTI RTI
RTC

RTI

UL 746B“Standard for Polymeric Materials — Long Term Property Evaluations”

70

36
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37
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39.7 611 612
a
b
Cc
1
2
3
4

38
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A= I3080 hours

TEMPERATLRE, T

Figure 39.1
Determination of the relative thermal capability
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40.

40.1

40.2

40.3

40.4

41.

41.1

41.2

1999  Polymeric Materials — Use in Electrical Equipment Evaluations — UL 746C ( ) 40

37
_ i “ ” TI
fi Teq
Tew=-B/In[Y fixExp -B/5 ]
Teq °K
B Arrhenius L=Ae"" B=-E/R E R
R=8.62 x 10°
In

Exp() e (=2.718284)

Printed-Wiring Board”

413

42.

42.1

43.

43.1

43.1.1

43.2.

42

7

UL 796“Standard for

” 43 i ” 71 i _ ”
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43.2.1
50%
44,
44.1 UL 1446“requirements for systems of insulating materials-
general”
45.
45.1
70 ¢ ”
452 ANSI/UL 796“Standard for Printed-Wiring Boards”
70 * ”
45.3 uL94
1 ANSI FR-4 ANSI FR-5 G-10 G-11 CEM-1  CEM-3
2 ANSI XXXPC ANSI X XP XPC XX XXP XXX  XXXP
3 ANSI GPO-2 ANSI GPO-3
4 HB
46.
46.1 EMI
47 “* ” 48 % ” 73“ ”
46.2
46.3
46.447 “ " 48 ¢ ? 47

48 73
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47.
47.1
36g/mm

UL 746A"Standard for Polymeric Materials — Short Term Property Evaluations”
0.05mm 0.05mm

47.2
18g/mm 73.5(b) (c) (d)
47.3 RTI UL 746B“Standard for Polymeric
Materials — Long Term Property Evaluations”
50%
48.
48.1
ASTM D 3359 “Standard Methods for Measuring Adhesion by Tape Test” A B
73
48.2 RTI UL 746B“Standard for Polymeric

Materials — Long Term Property Evaluations”
48.1

49.
49.1
49.1.1 rms

49.1.2

49.2

49.2.1 <1000V 2000Q/V
1000V 20,000Q/V

49.2.2
1MQ

49.2.3

49.3
49.3.1 26-28m?/kg
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49.3.2

49.4
49.4.1
49.4.2
60Hz 60Hz

49.4.3 DC
49.4.4

15 35 45% 75%
50.
50.1

40 /
30 /

51.

51.1 14.2
51.2

51.2 51.1

51.3 51.6

110% 30A 33A
40.5A 60 200%

514516 b - h 51.1
516 b — i
1.1

51.1

60A

51.1

40

51.1

51.1
51.6(a)

135%

43

51.6
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515

51.6

51.1
110% a
135% 200%
0-30A 7 60 2
31-60 A 7 60 4
61-100 A 7 120 6
101-200 A 7 120 8
201-400 A 7 120 10
A
10A 30A
1 1.1 x 30 = 33A 7
2 1.35 x 30 = 40.5A 60 3 2
x 30 = 60A 2 1 2
3 3 4 5 6
60 40.5A
60A 75%  405+0.75x 60-40.5 =55A
B
A 4
5 6 7
10A 33A 75%  10+0.75x (33— 10) =
27.25A
50.1
75%
50%
25%
20%
15%

10%
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h
i
51.7 51.2
51.8
b — i
1
51.9 14.4
51.10
b
c
30A
51.11 51.2 511
52. -12 mm
52.1
10 70 23.0+2.0
4 52.2-52.6
a
b <
52.2 52.5
52.3 52.2
52.4 35mm 0.5+0.1mm
95%
52.5
1
52.6 171
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5%

516 a - i

516 a - h
51.1

50+5 %

0.9mm
122MJ/mm?

12mm 30

52.3

45

51.6
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17.1

46
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53. -20mm (3/4 )
53.1
7
10 70 23.0+2.0 505 %
4 53.2-53.5

a

b <
53.2 53.4
53.3 53.2
53.3.1 100£10mm 9.5+0.3mm

ASTM D5025"Specification for a Laboratory Burner Used
for Small-Scale Burning Tests on Plastic Material”
20 £1 mm 3/4

ASTM D 5207
53.4 30 1 53.3
98%
53.1
105ml/min 10mm ASTM D5207
+2%
23 37MJ/m?®
53.5 18.1
18.1
53.1
g i
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54, —5”
54.1
7
10 70 23.0+2.0 505 %
4 54.2-54.5
a
b <
54.2 19.1
19.1
543 3/4”
1 965ml/min 125+25mm
2 125+10mm
40+2mm
54.4
305mm 20°
1
2 23 37MJ/m?
54.5 5 5 5
55. — 746-5VS
55.1
55.1.1
a
b - 100 £+ 10mm 3.94 + 0.39”

9.5+0.3mm 0.374+0.012”

37MJ/m?®
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e - 20°

f

g

h 232 73+3.6

i - 701 158+1.5

55.1.2 152x152mm
3.17mm 0.125”
/
0.50inch
55.2
55.2.1 5
a 23+2 73.4+3.6
48
b 70+1 158+1.8 168
4
55.2.2
55.2.3
127mm 5" 38mm 1-1/2”
55.2.4
127 20°
55.2.5 20°
551

55.1

505 %

12.7mm

505 %

305mm
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55.2.7 60
55.2.8
a
b
Cc
56.
56.1
56.1.1
56.1.1.1 40
150£5 mm 20 80.0£2.0 176.0+£3.6
1500 20 90.0+2.0 194.0+£3.6 800
23.0£2.0 73.4£3.6 505 %
56.1.1.2 40
127mmX12.7mm 20 80.0£2.0 176.0+3.6
1500 20 90.0+£2.0 194.0+£3.6 800
23.0£2.0 73.4£3.6 505 %
56.1.1.3 / 20 50.8X12.7X3.2mm
127X12.7X3.2mm 80.0£2.0 176.0+£3.6
20 90.0£2.0 194.0+£3.6 800
23.0£2.0 73.4+3.6 50+5 %

50

150+5 mmX

40

40

40

1500
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56.1.2
56.1.2.1 35.0£3.0 95.0+5.4
9015 % 108+12 5 5
2221 2222
56.1.2.2 100X100mm 3
a) 23.0+2.0 73.4+3.6 505 % 40
b)  35.0+3.0 95.0+5.4 9015 % 168
2224
56.1.3
56.1.3.1 5 3
a 70.0+1 158.0+1.8 48
b 35.0+ 2.0 95.0+3.6 9015 % 48
c 0.0£20 32.0£3.6 8
d 25 75 90°
55¢5 Hz 1.5g
56.2
56.2.1 18-20 4
20 uLe500 14
56.2.2 UL 746A“Standard for Polymeric Materials — Short

Term Property Evaluations”

56.2.3

0.5-2.0"/min
50.8mm 27

56.2.4 UL 746A

56.3

56.3.1

a 105 216

105.0£ 1.0

12 14
5 12.5mm 1/2”
115mm 4-1/2” 12.3-50.8mm/min
254mm 17
254mm 1’ 5
20

221.0+1.8
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b _ & ” UL
746A“Standard for Polymeric Materials — Short Term Property Evaluations”

C - 13 )
d — UL 746A"Standard for Polymeric Materials — Short Term
Property Evaluations”
e X — X
57.
57.1 102x254mm
4x10” 45.4kg 100Ib

8 56.1
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56.1
jag— 54 MM —eejag— 254 MM —es— 254 MM —e
{10 INCHES) (10 INCHES) {10 INCHES)
| | | | I
284 mm
{10 INCHES)
152'rnrn
{6 INCHES)
T
| 254 mm
{10 INCHES)
102
s81280A (4 INCHES)
58.
58.1 a b
a 0.91m 3ft
25mm 1”7
3
b 3
58.1
58.2
58.3
58.3 58.1
50.8mm 2~ 0.535%kg 1.18 Ib
58.2
58.2 3
58.1
58.4 58.3 -35.0+2.0
31.0+£3.6 3 58.1 58.3
23 73
0.0+2.0 32.0+3.6 3 58.1 58.3

241



N

Sample Number

Series
Num—
ber 1 2 3 1 2 3 1 2 3 1 2 3
v \ {
1 A N N A N N A N N A N N
2 A N N A N N U A N U A N
A

3 A NN UAN N U

A

Arrows indicate sequence of test procedure

A — Acceptable results from drop
U — Unacceptable results from drop
N — No test necessary

58.1

58.1
J  foot-pound

ab

1.02 0.75 6.8 5.0 6.8 5.0



Figure 58.2
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59.1.1

a D ASTM G 23“Standard Practice for Operating Light
Exposure Apparatus Carbon-Arc Type With and Without Water for Exposure of
Nonmetallic Materials”

20 17 3
63+3 145.415.4

b B ASTM G 26“Standard Practice for Operating Light
Exposure Apparatus Xenon-Arc Type With and Without Water for Exposureof
Nonmetallic Materials”

120 102 18
6500W
340nm 0.35W/m?nm
63+3 145.415.4

59.2

59.2.1 UL 746A“Standard for Polymeric Materials — Short Term Property Evaluations”

1
2
59.2.2 360
720 500 1000
16 96
59.2.3 58.1

70% UL 746A “Standard for Polymeric Materials — Short
Term Property Evaluations”
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59.1
ab
b b b
a
b 3.2mm 4.0mm
1.6mm 1.6mm
59.2.4 3.2mm 0.8-3.2mm
59.2.5
59.2.6
59.1 59.2 59.2.7-59.2.11
59.2.7 59.1 59.2 091kg 21Ib
1.82kg 41b 364kg 81Ib 1
8mm 0.312” 1.0m 1
0.23J 2inch-Ib
50mm 27
59.2 31.8mm
1.25”
5928 20
0.91kg 1.82 kg
0.5~2.0
59.2.10
59.2.9
“National Bureau of Standard Handbook 91”7 “Experimental Statistics”
59.3 20
Nx No i 0,1,2,3,
0 1
n in; i- i2n; i-
Nx No N A B
59.2.10
S=16xd B/N-(A/N? +0.47d

d mm
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59.2.11 h
h=ho + d (A/N) + 0.5d
ho
MFE=hwf
w kg
f 9.80665 x 107 J

MFE 59.25 59.2.7

58



N

Figure 59.1
Impact tester

SCALE 8 &

2,26 N

(20 Inch-Ib)

INCREMENTS 78 SCALE 40 0.226J (2 Inch—Ib)
FOR 1.82kg " INCREMENTS FOR 0.91kg (2 Ib)
(4 Ib) LOAD LOAD

/-COLUMN HEIGHT ADJUSTER

WEIGHT LIFT -wa—
HANDLE

WEIGHT "

— GUIDE ARM
GUIDE ARM

4
r

IMPACTOR —&_ —@ ADJUSTER
SPECIMEN
SUPPORT — o
pLATE \?‘\_—, r ‘/‘ Lh-
SPECIMEN ‘.
iy,
k/ \.'
\ SPECIMEN SUPPORT
= ANVIL

SB1935A



July 7, 1999  Polymeric Materials — Use in Electrical Equipment Evaluations — UL 746C ( ) 60

Figure 59.2
Impact tester parts in contact with specimen

eatt—0.25mm (.010 inch)

IMPACTOR
/
SPECIMEN :
e —
PLATE 38.1mm
(1 1/2 inch)
o.d. (REMOVED
FOR TEST) :

IMPACT FOOT

7.92mm (.312 inch)
SPHERE RADIUS

SPECIMEN

e

\___
N\

SB1936A



Drop Outcome of test (X - failure; 0 - nonfailure)

height
mim 112 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 n, ng noing i
a00 X 10 12 4
800 0 X X X X 4 1 4 4 4
Tan X 0 ! b 0 0 b 4 5 4 00
(L] 0 ] il ]
9 N 9 6 8
I:NK:I I:ND:I |N | |)~'.| { B |

59.3

ho =700 Ny=9 d=100

h  =ho+d(A/N)-0.5d

=700 + 100 (6/9) —0.5 (100)

=717 mm

s =1.6xd B/N-(A/N)*> +0.0668 d
=1.6 x 100 x [2/9- (6/9)*] + 0.0668 x 100
=77.8 mm

MFE = hwf w = 0.907 Kg
=717 x 0.907 x 9.80665 x10_;

=6.37J
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60.

60.1

23.0£2.0

70.0+1.0

60.2

N

60.3 3.2mm

61.

61.1

62.

62.1

4.0mm

70.0+1.0 158.0+1.8 7 5
23.0+2.0 73.0+£3.6
73.0+£3.6 50+5 % 2 3.2mm
1.6-3.2mm
5VA 5VB 53 -5
82.0+1.0 180.0+1.8
59.1
UL94 59.2.3-59.2.7 59.1
0.8-4.0mm
7
a - ¢
63.1 7
1.06 63.1 “ ?
0.94 63.1 “ ?
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62.2 61.1
63.
63.1
a 7 10
70 31.1
b
60
1.06 0.94 7
311
63.2 7 “ ” 621
10 70
31.1
62.1
10
64.
64.1
IEC 695-10-2
64.2
20+0.1mm
65.
65.1
105-120V 120V 210-240V
240V
105-120V  210-240V 120V 240V 321
66.
66.1 RTC 37
a RTI
b B
c P
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66.2
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P

t1
50%

6.75J
13.5J P=13.5/6.75=2
f=50/P RTI o
- F=t1/to to
F RTC
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66.3 RTI 130 B=3423 - F
1.5 RTC 67 “ - ”

RTC= 1/(RTI+273.16)-(log F)/B '-273.16

RTC= 1/(130+273.16)-(log 1.5)/ 3423 ~'-273.16

RTC=(0.0024804-0.00005144)" - 273.16

RTC=138.5
67.
67.1 1000
UL
746A“Standard for Polymeric Materials — Short Term Property Evaluations”
1
300
2 “ ” DSC “ ” TG
67.2
a
b
68.
68.1 68.1
3 - 68.1
180 130
37 170
L=A x Exp B/T B=16425.3
68_2 13 ” 3 ”
68.1

68.3 68.4 162.12



Figure 68.1
Periodic time-temperature characteristics

July 7, 1999  Pol
1801
1m. ]
o 1801
o
1301 F;mr.liun
140+
Maosurad
10} Charocteriatic
s TIME  {Scale Arbilrory)
68.4 Teq T(t) t12
Teq=B/IN (1/(t2-t1)%  xp (-B/T(t))dt
68.5 162.12 170
Table 68.1
Periodic time-temperature data
Fraction of cycle time Temperature degrees C
.05 140
.05 150
.05 160
.05 168
.05 174
A0 180
.05 170
.05 162
10 156
o 147.2
20 141.2
15 124

66
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69. -
69.1 38 ?
137.0 °C
PBTP 130°C
140°C 200 190 180 170°C
DSC TG
69.2 137°C
80°C
69.3 137°C
PBTP 75°C
69.4 137°C
130°C
69.5 137
69.6
69.7
0 0
50%
180 356 2010
170 338 3360
160 320 4530
150 302 7170
PBTP 130 18,132
UL 746B“Standard for Polymeric Materials — Long Term Property Evaluations”
log1o =A+B/ +273.16
A=-4.232
B= 3423
69.8 3 6
P=6/3=2 f=50/2=25% -
69.1 F=t1/t0=1500/1000=1.5

RTC=138.5
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70.

70.1

70.2

70.3

PBTP

70.4

70.5

70.6
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154°C

69.1
100
E
&
BT
-
E il
|
]
HOURS lg= 1000 ty= 1500
- RTC
38
154.0 °C
PBTP 130°C
140°C 200 190 180 170°C
DSC TG
80°C
75°C
154°C
130°C
154

68

154°C
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70.7
50%
170 390
180 848
150 7651
140 14286
38.1 A PBTP 130 73969
UL 746B
t=AeB/T
|Og10(t)=A1+(B/T)|Og1oe=A1+B1 T
As=logio(A)=-20.7519297
B1=B log10e=10329.35299
T K( +273.16)
Logio (1) 10
70.8 154 73969
log1o(73969)=A,+10329.35299/(154+273.16) Ao= - 19.31241151

log1o(t)=-19.31241151 + 10329.35299/( +273.16)

67.1 1000 190 67.1
200

200 200 391 B 330

200 330 300 67.1 1
70.9
70.10 200 330 58

0.91m
154

71.
71.1
71.1.1 232 73.4£3.6

50£5 %
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71.1.2 UL 746A"Standard for Polymeric Materials — Short Term Property
Evaluations”
71.2
71.2.1 20 2342 73.413.6 5015
% 40
71.2.2
71.3.1~71.51
71.3
71.3.1 10 1000 711
T 60
140
1
2
300 711
71.3.2

50%
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711

;

OVEN ACING TIME, HOURS

10 L.
M B M M IN W 10 L] 140 X o ] [ ] L]

OVEN TEMPERATURE - DEG.C (1,/X Scole)
|eNA
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71.4

7141 10 95-100 % 60.0.%1 140.0+£1.8

71.4.2
50%

71.5
71.5.1 -35.0.%1 -31.0+1.8 24

0.0.+1 32.0£1.8 24
6

71.6

7161 10
711

71.6.2
50%

711

T 24 25.0£2.0 77.0£3.6
35.0+2.0 95.0+3.6 90% 24 T 24
96 0.0+2.0 35.0£2.0 95.0+£3.6
32.0+3.6 8 90% 96 -
35.0£2.0 -31.0+3.6 8

o T 60 140

71.7
71.7.1
71.7.2
UL 746A“Standard for Polymeric Materials — Short Term

Property Evaluations”

71.7.3



July 7, 1999

72.

72.1

72.1.1

72.1.2

a 70141

72.1.3

Cc

d

e

Polymeric Materials — Use in Electrical Equipment Evaluations — UL 746C (

70.1

72.1

20

50~60Hz

70.1
60KV

10%

10us

10

90%

72.1

20

mm (inch)

127x12.7x0.8
(5x1/2x1/32)
127x12.7x1.6
(5x1/2x1/16)

50 ohms

0.5us

Min

60

Max

C
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c 60%
72.2 72.3
72.1.4
1000V 1 A B C D
D 1
72.2.1-72.2.3 1
50%
72.2

0-9KV
1 Ry
O AN
53 3A Ly "LNE" QUTPUT
0—o"" T » O = ———
1
I
|
120 v CR-1 I
60 Hz —— |
) Gl I
ey | |
11 T I 1
: |
500 VA L Bﬁgg
T I TEST
I .
I
|
I
|
I
o GROUND >—o O ——— _ ]
NEUTRAL"/
GROUND
581292 RELAY
CONTROL
C1 = 0025 uF, 10KV F1 =22 Ohms, 1W, composition
C2 =001 uF, 10KV Rz =12 Ohms, 1W, composition
C2 =4 uF, 400 W FZ=1.2M Ohms (12 = 110K Chms, 1/2WW)
R4 = 47K Chms (10 = 4 7K Ohms, 1/2W)
L1 =14 uH (33 turns, Mo, 23 AWG wire, 0.7 inch diameter air core)

L2 =70uH (44 turns, Mo, 14 AWG wire, 2.6 inch diameter air core) CR-1 = Relay — See Figure 72.3

74
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Figure 72.1
Dielectric test pattern

R ——— 75mm —
{3 inch)
]
—
150 \ INSULATED
(6 |rr':lrl?11) TEST LEADS
SOLDERED TO
TEST PATTERN
i B D A

-~

INSULATED TEST LEADS
SOLDERED TO TEST PATTERN
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70.3
R1 Dy
&
D2 SCR—I
A
.
1
o ®
120 v + CRO GATE
60 Hz €y o SCR1 INPUT
o R3
1:1
S0VA
Rg
SB1293
L L
722
72.2.1 72.2
72.2
Ta 24 25.0+2.0 77.0+3.6
35.042.0 95.0+3.6 90% 24 Te 24
96 35.0+£2.0 95.0+3.6
0.042.0  32.0+3.6 8 90% 96
35.0+£2.0 -31.0+3.6 8
T 60 140
72.2.2 — 90-95 % 35.0+1.0 95.0+1.8
7 70.1.3  70.1.4
7223 — 1000 70.4
ANSI FR2 FR3 FR4 XXXPC GPO-2
23+2  73.443.6 505 %
40 70.1.3  70.1.4
300 72.4

Polymeric Materials — Use in Electrical Equipment Evaluations — UL 746C (

76
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73.

73.1

73.1.1

73.1.2

73.1.3

73.2

73.2.1

73.2.2

73.3

73.3.1

73.4

73.4.1

73.4.2

7343

Polymeric Materials — Use in Electrical Equipment Evaluations — UL 746C (
ASTM D3359 47
731
731
12 71A5 a b c
6 71A.5 a b
36+2.5 oz/in
76x127mm  3x5”
<0.051Tmm 2 mils 11 0.051~0.127mm 2~5mils
0.127mm  Smils X’ ASTM D3359
50

77
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73.5
a - 23.0:2.0  73.0£3.6 5015 %
40
b
1 10 +0/-1 18 +0/-1.8
70 158 R
2 23.0+2.0 73.0+36 505 % 1
3 -29.042.0 (-20.2¢+3.6 ) 1
4 23.0£2.0 73.0¢36 5015 % 1
5 1-4
c 10 +0/-1 18 +0/-
1.8 70 158 14
d 35.0£2.0  95.0+3.6 905 %
14
73.6
73.6.1
a
b
73.62 ASTM D-3359 B >5% ASTMD-3359 A  “X’

0.8mm
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74.
74.1
74.2 10cm x 20cm
10cm x 20cm

74.3 721 a - d

a 1500 ohms 0.15uF

b 1.11

0-100KHz
0.15uF 1500 ohm 1500 ohm 0.5 0.75mA
60Hz 5%

c

74.4
120V 74 1

a S1 S2

b S1 5 S2

c S2 “ g

74.5 74.4



Figure 74.1
Leakage-current measurement circuit

I PRCDUCT METER

q INSULATING
| TABLE

p
GROUNDED SUPPLY CONDUCTOR B

Applance niended for conneclion to o 120 V powsr supply.

GR
‘? INSULATING
—— TABLE

7
B

GROUNDED SUPPLY CONDUCTOR

Applianca inlanded lor comnection lo @ 3-wire, grounded neutral power supply. ca lustrated obove.

B F;;p!“ a ooucT  weren
= Lm@‘l é}: C::?::

n

;I_s
—1

Lo o—
- q INSULATING
LT
» ABLE
GROUNDED SUPPLY CONDUCTOR B

Applionce Inlended kr connection 1o o J-wire, grounded neutrgl power supply, o9 Bustroted obove,

A PROBE WITH SHIELDED LEAD.
B  SEPARATED AND USED AS CUIP WHEN MEASURING CURRENTS FROM ONE PART OF APPUANCE TO ANOTHER.

LC100N
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75.
75.1
75.1.1 IEC 695-2-1/1 “The Method for Glow-Wire End-

Product Test”
75.2
75.2.1
75.3
75.3.1

a - 4.0mm 80% /20% 73.1

b 0.5mm K NiCr  NiAl

960 1760
76.1
c K 1000 1832 1
1.8
d 2.1V
0~115A
e 1.0+0.2N
7mm 0.28”
f 10mm 0.39in
200+5mm 7.87+0.20” 12~309/m2

75.4
75.4.1
75.5
75.5.1 2342 73.4+3.6 505 %

40
75.6
75.6.1 73.1
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15mm 0.59” 1.0+0.2N
30+1 7mm
0.28”
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75.6.2

75.6.330%1

75.6.4

76.

76.1
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30+1
301

30+1

73.1
650
750
750
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