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1 General

Tests performed at Braganca Paulista electricapoomnts test laboratory. Period: April, 2013.
1.1 Samples Identification

Sample Group

Samples

Part Number

Description

| - Thermal Shock

1~40

280007-2

1~5:1 X 20 AWG Copper Wire + 1 X @ 0,20mm + 1 X0@6mm Aluminum Magnetic wire
6~10: 1 X 18 AWG Copper Wire + 1 X @ 0,20mm + 1 X0A@6mm Aluminum Magnetic wire

11~15:
16~20:
21~25:
26~30:
31~35:
36~40:

2 X 20 AWG Copper Wire + 1 X @ 0,16mm Alumnin Magnetic wire
2 X 18 AWG Copper Wire + 1 X @ 0,20mm Alumnin Magnetic wire
1 X 22 AWG Copper Wire + 1 X @ 0,16mm Alunin Magnetic wire
1 X 20 AWG Copper Wire + 1 X @ 0,16mm Alunin Magnetic wire
1 X 18 AWG Copper Wire + 1 X @ 0,16mm Alunin Magnetic wire
1 X 22 AWG Copper Wire + 1 X @ 0,20mm + I00,16mm Aluminum Magnetic wire

Il - Traction Force

41~80

280007-2

41~45:
46~50:
51~55:
56~60:
61~65:
66~70:
71~75:
76~80:

1 X 20 AWG Copper Wire + 1 X @ 0,20mm + I00,16mm Aluminum Magnetic wire
1 X 18 AWG Copper Wire + 1 X @ 0,20mm + I»0,16mm Aluminum Magnetic wire
2 X 20 AWG Copper Wire + 1 X @ 0,16mm Alumnin Magnetic wire
2 X 18 AWG Copper Wire + 1 X @ 0,20mm Alunnin Magnetic wire
1 X 22 AWG Copper Wire + 1 X @ 0,16mm Aluinin Magnetic wire
1 X 20 AWG Copper Wire + 1 X @ 0,16mm Alunin Magnetic wire
1 X 18 AWG Copper Wire + 1 X @ 0,16mm Alunin Magnetic wire
1 X 22 AWG Copper Wire + 1 X @ 0,20mm + I00,16mm Aluminum Magnetic wire

Il - Crimping Picture

81~88

280007-2

81: 1 X 20 AWG Copper Wire + 1 X @ 0,20mm + 1 X @6mm Aluminum Magnetic wire
82: 1 X 18 AWG Copper Wire + 1 X @ 0,20mm + 1 X @6mm Aluminum Magnetic wire
83: 2 X 20 AWG Copper Wire + 1 X @ 0,16mm Aluminiviagnetic wire
84: 2 X 18 AWG Copper Wire + 1 X @ 0,20mm Aluminiagnetic wire
85: 1 X 22 AWG Copper Wire + 1 X @ 0,16mm Aluminiviagnetic wire
86: 1 X 20 AWG Copper Wire + 1 X @ 0,16mm Aluminiviagnetic wire
87: 1 X 18 AWG Copper Wire + 1 X @ 0,16mm Aluminiviagnetic wire
88: 1 X 22 AWG Copper Wire + 1 X @ 0,20mm + 1 X @6mm Aluminum Magnetic wire

Picture 1: Combination | - 1 X 20 AWG Copper Wire + 1 X @
0,20mm + 1 X @ 0,16mm Aluminum Magnetic wire

Picture 3: Combination Il - 2 X 20 AWG Copper Wire + 1 X @
0,16mm Aluminum Magnetic wire

FORMBR-0697 Mar/2007

Picture 2Combination Il - 1 X 18 AWG Copper Wire + 1 X (0]
0,20mm + 1 X @ 0,16mm Aluminum Magnetic wire

Picture 4Combination IV - 2 X 18 AWG Copper Wire + 1 X @ 0rgm
Aluminum Magnetic wire
RL130629 Pag. 3 de 20
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Picture 5: Combination V - 1 X 22 AWG Copper Wire + 1 X @ Picture 6. Combination VI -1 X 20 AWG Copper Wire + 1 X @ 0,16mm
0,16mm Aluminum Magnetic wire Aluminum Magnetic wire

Picture 7: Combination VII - 1 X 18 AWG Copper Wire + 1 X Picture 8Combination VIII - 1 X 22 AWG Copper Wire + 1 X gZmm +
@ 0,16mm Aluminum Magnetic wire 1 X @ 0,16mm Aluminum Magnetic wire
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2 - Group I: Thermal Shock

Sequence:

Group I: Thermal Shock
Samples numbers 1 to 40

A\ 4

2.1 — Low/High-Level Contact
Resistance

A4

2.2— Thermal Shock

2.3 — Low/High-Level Contact
Resistance

FORMBR-0697 Mar/2007 RL130629 Pag. 5 de 20
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2.1 — Low/High - Level Contact Resistanc

Samples
40 parts, numbers 1 to «

Equipments

HP Digital Multimeter Model 34401A, TE reference.98-339033-03:
Agilent Power Supply, Model E3641A, TE reference 88-339036-01!
HP Power Supply, Model 6571A, TE reference Nr. 83986-021

Soecification
No specificatior

Requirements
Just informative

Procedures

Subject specimens to 100 milliamperes maximum @nohilivolts maximum open circuit voltage to lowviel
contact resistance test and 1 ampere to high-tmrghct resistance test. Measure the tension drypelen A and B points, as sho

in Picture ¢

L)

Picture 9: Low/High Level Contact Resistance measurement §

FORMBR-0697 Mar/2007
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Results

For a better visualization, results will be showntem 2.3

2.2 — Thermal Shock

Samples

Same used in item 2.1
Equipments
Fanem Ovem Incubator, Model 320E, TE referenceéORt339031-1065.

Indrel Industrial Freezer, Model IULT 364 D, TE eeénce 93-339032-008

Soecification

No specification.

Requirements

Just informative.

Procedures

Subject specimens to 25 cycles between -60 andClwih 30 minutes of dwells at extreme temperatures

Transition time< 1m

Results

For a better visualization, results will be showntem 2.3
2.3 — Low/High - Level Contact Resistanc

Samples
Same used in item 2

Equipments

HP Digital Multimeter Model 34401A, TE reference.98-339033-03:
Agilent Power Supply, Model E3641A, TE reference 88-339036-01!
HP Power Supply, Model 6571A, TE reference Nr. 39¢86-021

Soecification
No specification.

Requirements
Just informative

Procedures
Same from item 2.1

FORMBR-0697 Mar/2007
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Results
Low-Level Contact Resistance (100m¢#

Combination |

Before Thermal Shot

20AWG Copper Wire @ 0,16mm Aluminum Magnetic Wire @ 0,20mm Aluminum Magnetic Wire
1 0.015 0.090 0.021
2 0,010 0,044 0,097
3 0,016 0,091 0.040
4 0,016 0,099 0.108
5 0,022 0,072 0.018

20AWG Copper Wire @ 0,16mm Aluminum Magnetic Wire @ 0,20mm Aluminum Magnetic Wire
1 0,025 0,035 0,085
2 0.015 0.081 0,060
3 0,017 0,042 0,042
4 0,035 0.079 0.018
5 0.010 0.082 0.120

Note: Discounted the specific wire resistance. 0,250\2DAWG Copper Wire, 4,48mV for @ 0,16mm and :96for & 0,20mn
Aluminum Magnetic Wire

Variation

20AWG Copper wire (mV) | @ 0,16mm Aluminum Wire (mV) | @ 0,20mm Aluminum Wire (mV)
0,000 0,034 0,050

Combination Il

Before Thermal Shock

18AWG Copper Wire @ 0,76mm Aluminum Magnetic Wire @ 0,20mm Aluminum Magnetic Wire

0.053 0.067 0.036
0,100 0,081 0,026
0.056 0,019 0.028
0,089 0,082 0,103
0.070 0,058 0.076

18AWG Copper Wire @ 0,16mm Aluminum Magnetic Wire @ 0,20mm Aluminum Magnetic Wire
6 0,085 0.072 0.050
7 0,067 0,048 0,109
8 0,102 0,020 0,090
9 0,040 0.022 0.063
10 0,070 0.014 0,101

Variation

18AWG Copperwire (mV) | & 0,16mm Aluminum Wire (mV) @ 0,20mm Aluminum Wire (mV)
0,032 0,029 0,045

Note: Discounted the specific wire resistance. 0,195mVIBAWG Copper Wire, 4,48mV for @ 0,16mm and 26for & 0,20mn
Aluminum Magnetic Wires

FORMBR-0697 Mar/2007 RL130629 Pag. 8 de 20
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Combination Il

Before Thermal Shock

20AWG Copper Wire - 1 20AWG Copper Wire - 2 @ 0,16mm Aluminum Magnetic Wire
1 0.019 0.015 0.085
12 0.028 0,016 0.059
13 0,015 0,023 0,099
14 0.012 0.035 0.093
15 0.014 0.013 0.018

20AWG Copper Wire - 1 20AWG Copper Wire - 2 @ 0,16mm Aluminum Magnetic Wire

0.015 0.034 0,019
0,024 0,015 0,049
0,015 0.017 0,092
0.016 0.034 0,100
0.015 0.013 0,012

Note: Discounted the specific wire resistance. 0,250\2DAWG Copper Wire and 4,48mV for @ 0,16mm AlumimMagnetic Wire
Variation

20AWG Copper wire (mV) |20AWG Copper wire (mV) @ 0,A6mm Alominwm Wire (m\y)
0,003 0,005 0,019

Combination IV

Before Thermal Shock

18 AWG Copper Wire - 1 18AWG Copper Wire - 2 @ 0,20mm Aluminum Magnetic Wire
16 0,059 0,064 0,028
17 0,032 0.103 0,102
18 0.049 0.033 0.016
19 0,033 0.075 0,088
20 0,022 0,098 0,085

18AWG Copper Wire - 1 18AWG Copper Wire - 2 @ 0,20mm Aluminum Magnetic Wire
16 0.104 0.028 0.020
17 0,054 0,006 0.058
18 0.015 0.035 0077
19 0.098 0.083 0.103
20 0.078 0.018 0.031
Variation
18AWG Copperwire (mV) [18AWVWG Copper wire (mV) @ 0,20mm Aluminuwm VWire (m\y)
0,052 0,045 0,036

Note: Discounted the specific wire resistance. 0,195mVIBAWG Copper Wire and 2,96mV for @ 0,20mm AlumimMagnetic Wire
Combination V

Before Thermal Shock

22AWG Copper Wire @ 0,76mm Aluminum Magnetic Wire
0,012 0,097
0,081 0,074
0.029 0.059
0,051 0,087
0.060 0,010
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After Thermal Shock

22AWG Copper Wire

@ 0,16mm Aluminum Magnetic Wire

0.012
0,021
0.065
0,077
0,011

0,039
0,070
0,013
0,064
0,038

Variation

22AWG Copper wire (mV)

@ 0,16mm Aluminum Wire (mVy)

0,034

0,032

Note: Discounted the specific wire resistance. 0,330\22AWG Copper Wire and 4,48mV for @ 0,16mm AlumimMagnetic Wire

Combination VI

Before Thermal Shock

20AWG Copper Wire

@ 0,16mm Aluminum Magnetic Wire

0,023
0,034
0,013
0,028
0,034

0,020
0,057
0,059
0,094
0,033

After Thermal Shock

20AWG Copper Wire

@ 0,16mm Aluminum Magnetic Wire

0,019 0,091
0,014 0,063
0,029 0,086
0,010 0,067
0.025 0.020
Variation
20AWG Copperwire (mV) | @ 0,176mm Aluminum Wire (mW)
0,013 0,029

Note: Discounted the specific wire resistance. 0,250\2DAWG Copper Wire and 4,48mV for @ 0,16mm AlumimMagnetic Wire

Combination VII

Before Thermal Shock

18AWG Copper Wire

@ 0,16mm Aluminum Magnetic Wire

0,089
0,021
0,103
0,071
0,102

0,028
0.012
0.027
0.077
0.050

After Thermal Shock

18AWG Copper Wire

@ 0,16mm Aluminum Magnetic Wire

0,060
0,025
0,027
0.090
0,068

0.076
0.064
0.056
0.072
0.046

Variation

18AWG Copper wire (mV) | @ 0,16mm Aluminum Wire (mV)

0,032

0,023

Note: Discounted the specific wire resistance. 0,330mV1BAWG Copper Wire and 4,48mV for @ 0,16mm AluarimMagnetic Wire

FORMBR-0697 Mar/2007
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Combination VIII

Before Thermal Shock

220G Copper Wire - 1 @ 0,16mm Aluminum Magnetic Wire @ 0,20mm Aluminum Magnetic Wire
36 0,063 0,076 0,028
37 0.047 0.019 0.110
38 0.025 0.082 0.030
39 0,036 0.071 0.024
40 0.058 0.037 0.045

22AWG Copper Wire - 1 @ 0,16mm Aluminum Magnetic Wire @ 0,20mm Aluminum Magnetic Wire
36 0.087 0.099 0.081
ar 0,034 0,075 0,041
38 0,016 0,074 0,117
39 0,045 0,072 0,071
40 0,023 0,027 0,012

Variation
22AWG Copperwire (mV) | & 0,16mm Aluminum Wire (m\) @ 0,20mm Aluminuwm Wire (mV)
0,017 0,020 0,058

Note: Discounted the specific wire resistance. 0,330m\22AWG Copper Wire, 4,48mV for @ 0,16mm and 286for @ 0,20mm
Aluminum Magnetic Wires

High-Level Contact Resistance (1A)

Combination |

Before Thermal Shock

20AWG Copper Wire @ 0,16mm Aluminium Magnetic Wire @ 0,20mm Aluminium Magnetic Wire
0,230 0.840 0,670
0,150 0,920 0,510
0,120 0,960 0,680
0,170 0.430 0,520
0,200 0,750 0,150

20AWG Copper Wire @ 0,176mm Aluminium Magnetic Wire @ 0,20mm Aluminium Magnetic Wire
0,120 0,540 0.410
0.270 0.510 1.000
0.260 0.270 0.370
0,160 0,560 0,780
0,290 0.510 0,280

Variation

20AWG Copper wire (mV) | & 0,16mm Aluminum Wire (mV) @ 0,20mm Aluminum Wire (my)
0,084 0,254 0,290

Note: Discounted the specific wire resistance. 2,50m\2@AWG Copper Wire, 44,80mV for @ 0,16mm and P& for @ 0,20mm
Aluminum Magnetic Wires

Combination I

Before Thermal Shock

18AWG Copper Wire @ 0,176mm Aluminium Mag netic Wire @ 0,20mm Aluminium Magnetic Wire
6 0,430 0,300 0,380
7 1.000 0.700 0,980
8 0.420 0.740 0.250
9 0,660 0.760 0,970
10 0.470 0.900 1,040
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After Thermal Shoc

18AWG Copper Wire @ 0,76mm Aluminium Magnetic Wire @ 0,20mm Aluminium Magnetic Wire
3 0,560 0,930 1,150
7 0.580 1,000 1.160
8 0,350 0.880 0.420
9 0,690 0,670 0,380
10 0,740 0,940 0,170

Variatior
18AWG Copperwire (mV) | & 0,16mm Aluminum Wire (mV) @ 0,20mm Aluminum Wire (m\y)
0,184 0,240 0,516

Note: Discounted the specific wire resistance. 1,95mVIBAWG Copper Wire, 44,80mV for @ 0,16mm and P& for @ 0,20mn
Aluminum Magnetic Wire

Combination Il
Before Thermal Shock

20AWG Copper Wire - 1 20AWG Copper Wire - 2 @ 0,16mm Aluminium Magnetic Wire
1 0.240 0.340 0.500
12 0,280 0,190 0,330
13 0.260 0.110 0,240
14 0.280 0.310 0,390
15 0,100 0.180 0,650

20AWG Copper Wire - 1 20AWG Copper Wire - 2 @ 0,176mm Aluminium Magnetic Wire
" 0.160 0.180 0,130
12 0.140 0.100 1.000
13 0.220 0.170 0.860
14 0,350 0,260 0,100
15 0,100 0,320 0,660
Variation
20AWG Copper wire (mV) [20AWG Copper wire (m\y) @ 0,26mm Aluminum Wire (mVy)
0,066 0,098 0,392

Note: Discounted the specific wire resistance. 2,50m\2AWG Copper Wire and 44,80mV for @ 0,16mm AlumimMagnetic Wire
Combination 1V

Before Thermal Shock

18AWG Copper Wire - 1 18AWG Copper Wire - 2 @ 0,20mm Aluminium Magnetic Wire
16 0.500 0.740 0.210
17 0,250 0,840 0,480
18 0,090 0,980 0,910
19 1,030 0,960 0,930
20 0,860 0,510 0,490

18 AWG Copper Wire - 1 18 AWG Copper Wire - 2 @ 0,20mm Aluminium Magnetic Wire
0,380 0.120 0,530
1,080 1,020 1.120
0,590 0,880 0,830
0,530 0,850 0,570
0.400 0.730 0.420

Variation

18AWG Copper wire (mV) |[18AWG Copper wire (mV) @ 0,20mm Aluminum WVWire (mVy)
0476 0,246 0,364

Note: Discounted the specific wire resistance. 1,95mVIBAWG Copper Wire and 29,60mV for @ 0,20mm AluarimMagnetic Wire
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Combination V

Before Thermal Shock

22AWG Copper Wire

@ 0,176mm Aluminium Magnetic Wire

0,110 0,460
0,110 0,320
0,230 0,390
0.860 0.740
0,550 0,670

After Thermal Shock

22AWG Copper Wire

@ 0,16mm Aluminium Magnetic Wire

0,330 0,530
0,630 0,820
0,870 0,130
0,230 1,000
0,310 0,380
Variation
22AWG Copperwire (mV) | @ 0,16mm Aluminum Wire (m\)

0,450

0,316

Note: Discounted the specific wire resistance. 3,30m\2RAWG Copper Wire and 44,80mV for @ 0,16mm AlumimMagnetic Wire

Combination VI

Before Thermal Shock

20AWG Copper Wire

@ 0,76mm Aluminium Magnetic Wire

0.310 0,890
0.170 0.560
0,110 0,100
0.110 0.150
0,310 0,910

After Thermal Shock

20AWG Copper Wire

@ 0,16mm Aluminium Magnetic Wire

0.350 0.530
0,330 0,860
0,290 0,560
0,100 0,350
0,200 0,210
Variation
20AWG Copperwire (mV) | & 0,16mm Aluminum Wire (m\)

0,100

0,404

Note: Discounted the specific wire resistance. 2,50m\2AWG Copper Wire and 44,80mV for @ 0,16mm AlumimMagnetic Wire

Combination VII

Before Thermal Shock

18AWG Copper Wire

@ 0,176mm Aluminium Magnetic Wire

0.360 0.860
0,690 0,870
0,740 0,300
0,170 0,730
0,840 0,280
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After Thermal Shock

18AWG Copper Wire @ 0,16mm Aluminium Magnetic Wire
1,010 0,150
0,240 0,420
0,440 0,670
0,360 0,150
0,830 0.650

Variation

18AWG Copper wire (mV)

@ 0,16mm Aluminum Vire (mV)

0,322

0,508

Note: Discounted the specific wire resistance. 3,30mVIBAWG Copper Wire and 44,80mV for @ 0,16mm AlumimMagnetic Wire

Combination VIII

Before Thermal Shock

22 AWG Copper Wire - 1 @ 0,76mm Aluminium Magnetic Wire @ 0,20mm Aluminium Magnetic Wire
36 0,330 0,520 0.620
v 0,290 0,400 0,460
38 0.250 0.400 0,970
39 0.310 0.200 1.040
40 0.150 1.000 0,670

22AWG Copper Wire - 1 @ 0,176mm Aluminium Magnetic Wire @ 0,20mm Aluminium Magnetic Wire
36 0.860 0.330 0,830
r 0.140 0.500 0.260
38 0.820 0.770 0,820
39 0,520 0.170 0,200
40 0.570 0.800 0,330
Variation
22AWG Copper wire (mV) | & 0,16mm Aluminum Wire (mV) | & 0,20mm Aluminum Wire (mV)

0,276

0,178

0,348

Note: Discounted the specific wire resistance. 3,30mM\2RAWG Copper Wire, 44,80mV for @ 0,16mm and P& for @ 0,20mm

Aluminum Magnetic Wires
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3 - Group II: Traction Test

Sequence:

Group II: Traction Test
Samples numbers 41 to 80

\4

3.1 — Traction Test
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3.1 - Traction Test

Samples
40 parts, numbers 41 to:

Equipments
Instron Traction Machine, TE reference NR. 92.338085

Soecification
No specificatior

Requirements
Crimping traction resistance shall be greater ff@#b of wire traction resistan:

Procedures
Submit specimens to traction until reaches thekimggpoint and record the peak for

Picture 10: Traction Force Test

Results
Combination |
Sample | & 0,16mm Wire + Connector | & 0,20mm Wire + Connector | Only @ 0,16mm Wire | Only @ 0,20mm Wire |Percent (& 0,16mm) [Percent (& 0,20mm)
41 5,69 8,29 5,90 8,55 96, 44% 96,96%
42 5,85 3,45 5,90 8,55 99 15% 98,83%
43 5,62 847 5,90 8,55 95,25% 99, 06%
44 5,58 8,52 5,90 8,55 94,58% 99,65%
45 570 8,26 5,90 8,55 96,61% 96,61%
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Combination 1
Breaking F orce ﬁ
Sample | @ 0,16mm Wire + Connector | @ 0,20mm Wire + Connector | Only @ 0,16mm Wire ] Only & 0,20mm Wire |Percent (@ 0,16mm) JPercent (& 0,20mm)
46 552 543 5,00 255 03,56% 98,60%
47 5,80 8,43 5,90 2,55 98,31% 98,60%
48 571 8,42 5,90 2,55 96, 78% 98,48%
49 552 8,30 5,90 2,55 93,56% 97,08%
50 5,58 8,25 5,90 2,55 94,52% 96, 49%
Combination Il
Breaking F orce [N]
Sample [5] 0,16mm Vire + Connector Only mre F}er{:ent[ﬁ 0,16mm}
51 5,77 5,90 97,50%
52 575 5,90 97 46%
53 5,87 5,90 99,49%
54 571 5,90 96,78%
55 5,60 5,90 94,92%
Combination IV
Breaking F orce [(M]
Sample | @ 0,20mm Wire + Connector Only & 0,20mm Wire Percent (& 0,20mm}
56 BT .55 5, 565}
57 855 8,55 100,00%
53 821 8,55 96,02%
59 8,28 855 96,84%
60 8,25 8,55 96,49%
Combination V
Emﬂc‘mg Fun:eﬁ
Sample | @ 0,16mm Wire + Connector Only B 0,16mm Wire [Percent (@ 0,16mm)
] 5,64 5,90 95, 50%|
62 5,69 5,90 96,44%
63 5,76 5,90 97,63%
64 5,68 5,90 96,27%
65 5,90 5,90 100,00%
Combination VI
Emﬂ:ilg Fun:eﬁ
Sample [7] 0,16mm Wire + Connector Only 7] 0,16mm Wire Pement{ﬁ 0,16mm)
66 5,52 5.90 93,56%|
67 5,69 5,90 96,44%
LE] 551 5,90 93,30%
69 5,29 5,90 99,83%
70 553 5,90 93,73%
Combination VII
Breaking F orce [N]
Sample | @ 0,16mm Wire + Connector Only @ 0,16mm Vire Percent (@ 0,16mm)
71 5,80 5,90 99,5.3%]|
72 5,82 5,90 98,64%
73 5,52 5,90 93,56%
74 557 5,90 94,41%
75 5,27 5,90 99,49%
Combination VIII
Breaking F orce ﬁ
Sample | @ 0,176mm Wire + Connector | @ 0,20mm Wire + Connector | Only & 0,16mm Wire | Only @ 0,20mm Wire |Percent (& 0,16mm) [Percent (& 0,20mm)
76 562 8,20 5,00 8,55 95, 42% 06, 06%
77 577 8,22 5,90 8,55 97,80% 96,14%
78 575 2,54 5,90 2,55 97, 46% 99,88%
79 585 .47 5,90 2,55 99, 15% 99,06%
&0 573 2,30 5,90 2,55 97,12% 97,08%
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4 - Group llI: Crimping Picture

Sequence:

Group I

Crimping Picture

Samples numbers 28 to 30
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4.1 — Crimping Picture

Samples

8 parts, numbers 81 to !

Equipments
Zeiss Microscope, Model Stemi 200(

Soecification

No specificatiol

Requirements
Informative tes

Combination | Combination Il

Combination Il Combination IV
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Combination V Combination VI

Combination VII Combination VII
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