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Purpose H ¥

To conclude the differences of CCA busbar in Continuous casting and in Cu tube filled with Al liquid by
comparing their test performance and analyzing the test data, The data can be customer’s reference.
AR 5 AL I I 7K PR B A 7 R A BRI 5 R AR 7 TR AR AR P % TRURFALE 1 R 3R A0 LK 43
Br, PR T ZA AR, R P IR R A K.

Summary HE
1. Sampling and number
DA ot 2B B S
Technology Method N g Heating Length

Tk Type #k% No 45 s KpE

Horizontal continuous casting Anneal
KTk 60X10 1. 2. 3. 4.5 B 2m

Cu tube filled with Al liquid Anneal
L 60X10 O .0 . 0. ® 6 B 2m

2. Comparisons of test items and performances:
XF LA AR g AT H

2.1. Bonding and reliability Test
g Jon] SEVERRT LG IR
2.1.1. Interface Bonding Strength
TS

2.1.2. Bonding layer characteristic after Peeling
RIS J5 455 R AL

2.1.3. Bonding layer metallographic photo(200X200)
i G ZeME A (200x200)

2.1.4. Bending performance and Bonding performance after bending.
P8 LA e g e vERe i () fmis g s

2.1.5. Punching performance
ML A LA 5 1 S5 5

2.2. Electric Performance: Electrical Resistivity

RV XS EE It R PR

2.3. Physics Performance Test:

FEAY B M IR

2.3.1. Dimension
JIRCAS

2.3.2. Density

2.3.3. Copper Volume Ratio
i EARRLE
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Test Items and Comparison Data WA B & H3E 5t

1. Bonding performance and reliability Test 4 & A n 5& 1 it iz
1.1. Bonding Strength F 45 & 5 &

1.1.1. Test Describe: Select No. 3 and @) in five samples, Cut into16 pieces continuously and

number them from 1-16, Then test bonding performance. Odd number shows bonding
performance on one side and even number shows bonding performance on the other side.

I HA: fEHER LT 6 FUB i 3 & ®), HLAEY) 16 Bitmsi & ¥, JF 5 1-16
T BT 3 ) D B AR T SR ) ST 45 1 9 R LIR W _E TR TES 5 I KE SR

1.1.2. Test data and curve
I 7 26
Comparison of Bonding Strength
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—— K TR -B-EEE —1TF

Continuous Casting  Cu tube filled with Al liquid

1.1.3. The test data showed that average bonding strength of CCA busbar in continuous casting
is 52.6MPa and 27.7Mpa in Cu tube filled Al Liquid, it can be concluded that CCA busbar
produced in continuous casting have stronger bonding strength than that in Cu tube filled
with Al liquid
FH IS K i 42 R /K ST 5 A e R R L AR T S T 4 6 R 3By 52.6Mpa, B A
BFIF 27 .6Mpa, KPR T2 A AR AR HE K i 5 G vt AR T Bk T

1.1.4. Test Equipment: 200KN Tensile Tester
MR B 200KN 7 /7R 5L
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1.1.5. Drawing of Test sample:

DA P 4% K% 13
5 Note &%}
1 3 2 1——Aluminum core §5;
/ 2——Copper coating iAE;
[ 3——Groove -

=
o1

100

1.2. Bonding Layer Characteristic after Peeling

RIS R g AR

1.2.1. Test Description : select samples (3& ®)in continuous casting and Cu tube filled with Al
Liquid , Each is 30mm in length .Cut the layers of copper and Al off at 10mm from the
edge in transversal direction by CNC mill, then peel the copper layer in transverse to
check the bonding layer
RIG R ACFIEBEMEEE S DB 30mm K (3 &®) , ALY 10mm 4t
AR BRI 2 S R B e, R EE R, BFEESERE.

1.2.2. Sample Picture ¥ &5 [
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[5] f7 Ab A
e LA
R AR

Sy

Horizontal Continuous Casting  Cu tube filled with mdlten Al

1.2.3. Bonding Layer Characteristic: The CCA busbar in Horizontal Continuous Casting
bonded well and is very difficult to peel; The CCA busbar in Cu tube filled with Al liquid
is easy to peel and delaminated on the R corner showing Oxide AL
FIBGJE PR KPIERS T 24 A A B e WS S S 80, IS WA, &%
FLZAEFPRABEHHTFREXE, MEE, RALKEREA AR,

1.3. metallographic photo of bonding layer
SRR e
1.3.1. The CCA busbar in continuous casting: it shows even and compact layer
KL A R A S B R R A & RS S B0
The CCA busbar in Cu tube with Al Liquid: it shows obvious crevice in the bonding layer
BEA W R G E A U AR

o » ? e WO sl M YL

Horizontal Continuous Casting Cu tube filled with Al L.iql;ic‘i » (200 times)
KPR 200 fis BEVE 200 %

1.4. Bending Performance
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e
1.4.1. Test Describe:
RIG IR -
a) Sampling Method: Sampling1. 5 (@. &> and cutin 400mm/piece

WHETTE: e, 5 (@ ®) WRHEGE, KB 400mm.

b) Test Description: .all samples are bent by R10 tooling in 3 times
ISR P S R10 MAREHTESTE 3 IR
1. Check if have longitudinal crack on bending part of both parts, then make penetrant
test to confirm. W ¢ 1E S 4T 25 Ab e TRAFAE N ZATAE, TRt AT IBEH E
2. Cut the sample respectively in transversal and longitudinal direction, then make
Penetrant test to check if have delamination on bending part in both directions.

o5 Ja EPGREAT R AN [ U D), FSIE R IR 0 45 & R R BAFE D REL S

1.4.2. Check 1: conclusion and Pictures

e 1. HE KB A

Technology Method

. Y5
TE No.4%i 5 1 2 3 4 5 6

Horizontal continuous casting
KP4 1 PASS | PASS | PASS | PASS | PASS | PASS

Horizontal continuous casting
KOF ik 5 PASS | PASS | PASS | PASS | PASS | PASS

Cu tube f"%d%"‘;ih Al Liquid @ | PASS | PASS | PASS | PASS | PASS | PASS

Cutibe TIPS N LU 1@ | Pass | Pass | PAss | PAsS | PASS | PASS

The Front Side 1FTf The back side x]fi
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Keep15 Minutes with Penetrant 5% Keep15 Minutes with Developer &%
Horizontal Continuous Casting /K P& 815

Keep 15 Minutes with Penetrant i5i%

Keep15 Minutes with Developer 214
Cu tube filled with Al Liquid %72

1.4.3. Bend and then cut in both transverse and longitudinal direction ,check if delaminated in

bending part by penetrant test %% 2: 7 % JAEHuE [ A A [RIRFHID), B E R A
ENEEREES N E

Technology Method NO
T2k me | 2 3 4 ° 6
Horizontal continuous
casting 1 | PASS | PASS | PASS | PASS | PASS | PASS
P
Horizontal continuous
casting 5 | PASS | PASS | PASS | PASS | PASS | PASS
KFE
C“t“bef'"g%"‘;ih“ Liquid | o | FAIL | FAIL | FAIL | FAIL | FAIL | FAL
Cu t”bef'"g‘;"ig@‘{;’z';h'“' lquid | o | FAIL | FAIL | FAIL | FAIL | FAIL | FAL
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Bonded well After Cutting (1. 5) Delaminated after cutting (@. ® )
IR RS D) e EERY) G TR

@. G Transverse &2 1] @. ®Longitudinal E&EH A

1. 5Transverse 7K V-7 #5104 ] 1. 5 Longitudinal 7K~Fi&451: 411

1.5. Punching
L
1.5.1. Test Description: Select samples of 400 mm in length from 2. 4(®. @) and punching
16 holes(8 holes each on front and back side ) by diameter 17mm tooling with 0.3mm die
spacing. Check if delaminated and confirm by liquid penetrant Examination
MR 2HIE 2. 4 (@ @) HL400mm K FERRFE, A HL i e B 0.3mm (1)
O17mm EARM AT LRSS, TER& 8 ML, AFRGE, HBEIEHITHIN.

1.5.2. Punching Test Result
AL
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Technology Method
TET7:

aEE
N
w
&
[6)]
(o]
~
[e2)

Horizontal
continuous casting 2 PASS | PASS | PASS | PASS | PASS | PASS | PASS | PASS

KV R

Horizontal
continuous casting 4 PASS | PASS | PASS | PASS | PASS | PASS | PASS | PASS

KPR

Cu tube filled with Al
Liquid @ | PASS | PASS | PASS | PASS | PASS | FAIL | PASS | PASS

EE%

Cu tube filled with Al
Liquid @ | PASS | PASS | PASS | FAIL | PASS | PASS | PASS | PASS

EEE

1.5.3. Test Picture
ol P

After Punching #fLJ5

»

Liquid Penetrant Examination % (&5 & #1056
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2. Electric Performance .2 fg

2.1. Electrical Resistivity Hi[{%
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Horizontal Continuous Casting /K V%447 Failed for Cu tube filled with Al Liquid &% 72

Technology Method Electrical Resistivity H 1% Q-mm2/m( 20°C)
T2 Average
1 2 3 4 5 it
Horizontal Continuous Casting | ) 553649 | 0.022626 | 0.023705 | 0.023654 | 0.023 | 0.023327
KPR : : . : : :
Cu tube f"%d%"‘gh Alliquid | 054325 | 0.024611 | 0.024363 | 0.024322 | 0.024458 | 0.024416

2.2. Test Equipment: DC Resistance Tester

DB LA HE BH AR

2.3. Test Picture
T A

3. Physics Performance )3 4: #t
3.1. Dimension JL{i R~

3.1.1. Test Data i 4
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Technology Method Size S mm
TE5 1 2 3 4 5 S
ronzontal COMRIoUS €8N | 599 | 596 | 598 | 597 | 596 | 597
Cutuberliedph AlHUd 1593 | 500 | 590 | 595 | 599 | 593
ronzontal CONRIoUS €SN | 993 | 1007 | 996 | 985 | 104 | 100
Cu tube fiII%d%v;i;h Al Liquid 995 0.96 9.98 10 10 9.98

3.1.2. Test Equipment: Callipers
Wik . e RR

3.1.3. Test Picture
WA

3.2. Density and Copper Volume Ratio
W FE AR JZARFA L

Cu tube filled with Al Liquid 1%
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3.2.1. Test Description: Drainage test method , sample length 30mm, average value of 5 pieces
Formula Density= Weightair/ (Weightai-Weightwater)

IR : RAHKZIHATI, Wk B 30mm, FLERECFIME.
HKEAR p=m% =(mZ-mK)

3.2.2. Test Data Jllit £

H R 3
Technology Method Density &5 gfom
T2k Average
1 2 3 4 5 i
Hmaoma;f;’g;;?gs Casting |y oo | 421 | 423 | 423 | 429 4.236
Cu tube f"%d%"‘gh Al Liquid 396 | 396 | 394 | 397 | 395 3.956
Technology Method Copper Volume Ratio 42 A& tL
L2k 1 2 3 4 5 SFH
Hor'zontaif;zg’,;;ﬁ/’gs Casting | o4 500 | 24.4% | 24.7% | 24.7% | 25.6% | 24.8%
Cu tube f"'g%‘ﬁ’;g‘ Alliquid | o0 300 | 20.3% | 20.0% | 205% | 20.2% | 20.3%

3.2.3. Test Equipment: Analysis Balance
Wikt AT RSP (RS 0.1mg)

3.2.4. Test Picture J & A

Weight in Water 7k )i &
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Conclusion &t

The compared test data for busbar produced in Continuous casting and in Cu tube filled with Al Liquid:

KRS T2 A I AL AR 5 B B L 2 A I B R X e g R

1. The comprehensive performance and reliability of busbar produced in Continuous casting is better
than that in Cu tube filled with Al Liquid 7/K-Fi#8 T 245 &R kol SR T EEETE

2. The conducting property of busbar produced in Continuous casting is better than that in Cu tube filled
with Al Liquid /K F#EM T2 S MR N TESETE

3. Physics Property: the dimension busbar produced in Continuous casting is more stabilized than that in
Cu tube filled with Al Liquid ,but Cu Volume ratio and Density is larger than that in Cu tube filled with
Al Liquid. ¥JHPERE « K& T RN L TEEVETE, MBI K ER TE
RKTFEEETZ.

MR 1B 4577 . Test Apparatus

Digital Caliper %%+ X

Phical Balance 48 DC Electric Resistance Bridge H.iji HFH Hi i
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20kgf Brinell hardness Tester i FGH# & i+

&

Axiovert 40 MAT Microscope Brinell Hardness tester 62.5kgf 7
RIREEF] R i PRI T
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