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1.1 MIAHIUAMSIAUTNI T (Contact pressure)
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P, = 261.29 N/mm’
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2.1 MIMNMIAIBULAZNATOVFUNATOVNUINDIATIZHIATITIIUMMA (Macrograph)

@ e a4 X
L ARYUNUNHIUMINDIUTY

v . M v
2. 1N FUNAFDVINVAAIENTZATHNIWIATDITATIEWIY W0 VRN FUNAT DY

3. UANTZAY 150, 220, 350, 450, 600, 800, 1000, 1200 A1UAIA

@ Qy Y 4 v v . . a ol %’
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Table 1

See Table 2 for applicability to specific alloys

Erchants for maeroscopic examination of aluminum alloys

Etchant

Compusltion

Frocedure for use

| {causiic cwch)

I (Tucker's reagent)

4 (Pouhen's reagent) ...,

10 g NaQH w0 each 90 mL
H:0

45 mlL HC' (coney, 15 mbL
HNOs (cong), 13 mL HF
AR5, 28 ml. HO

boorl, HF (48%), @ il H.O

2 mL 1C qconcy, 6 ol
PN, (concd, | mL HF
8%, ol HyO

20 sl HOD qConey, 13 ml

HNO, coone), 3ml HF
(48%, 3 mbL FeC s solution
{conc)

10 sl MO (coney, 30wl
HNO: (enne). 20 ml HaO
fg FeCly

6D L 1 eoney 40wl

HMNOL [eane)

0 g Cully feopric chioride).
100 mL H-O

Immerse specimen 3-13 min in solution heated 10
BT 2C 1140-160 °Fyla) rirge n water, dip in S0%
HNO; solution 1o desmut, rinse in water, dry.

Mix fresh before wsing. Immerse or swab specimen for
Hi=13 5, rinse in warm warer, dry. 2rd ¢xamine for
desired effect. Repeat until desired effect (s obtained.

Requires fairly smonth surface, Immerse uniil cesired
effect ix nhiained, hot water ninse. dry,

hay bo premised wnd swored(by for tong penods, Ewh
by oref immersion or by swabbing. Rinse m cocl
water, dnd do nos stlow the ewchant or the sgecimen
te heat duning eiching.

Mix fresh befure using. Coal solunor w §0-13 °C
CO-60 "Fy wairk jaeket of cold water. Immerse a fow
seconds, vinse oy vald water: repeat untl desired
et 1% abirmed

Mix fresh before using. Add HCOT last Usy it room
temperatrre lmmerse 3 few seconds, rinse n cold
wister, repegl until desired eflect iy chuined. Can
alsa wse hy swabhing

Mix fresl before wsing, hruerse or swab [or a fow
seconds. rinse in cold water, dry, examine. Repaat
undl desirsd effect iy ohuined,

Trumnerse apesimen for 4 few seconds. Remove eonper
deposic with @ mixware of 6 paris HNO; (conc) and
1 part HF (eonc) Reprat nntd dedred effect is
obtained. cleaning with HNOw-HF mixtine and
rinsing i water helween steps.

(a) Thus ershart may be asod withaul baing beated, by awclarg action will be slower (b} Schution should be soried in g vermed conlaiger,

preferably under o fume heod., to

prevent buildup of gas pressure. Tae contuner should be made of pelvethylens or be lined with waa.




83

4.2 TuAdUMSINIBNEIIAZa18 Poulton’reagent d1H3UDQHIHBNINGA AA6063
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Toyad1mTuN59AY1 Calibration curve Y9IN1TNATDY Ring compression test 71 16

21015910904 Finite Element Simulation (DEFORM-3D)



A15199 A.1 me%yaﬁm%ﬁ’ﬂﬁw Calibration curve of Ring compression test nmdutlszan
AMIFIANININY 0.00 N1 1@91NN15810949 Finite Element Simulation
Step Height; mm Inner diameter; mm %D, %H

0 10.58 15.875 0 0

1 10.4038 15.8955 -0.12913 1.66541
2 10.2278 16.0278 -0.96220 3.32892
3 10.0518 16.1503 -1.73386 4.99244
4 9.8758 16.3066 2.71874 6.65595
5 9.7010 16.4511 -3.62866 8.30813
6 9.5250 16.6006 -4.57071 9.97164
7 9.3490 16.7543 -5.53858 11.63516
8 9.1730 16.9123 -6.53417 13.29868
9 8.9970 17.0751 -7.55969 14.96219
10 8.8210 17.2427 -8.61512 16.62571
11 8.6450 17.4155 -9.70362 18.28922
12 8.4690 175936, -10.82583 19.95274
13 8.2930 17.7775 -11.98394 21.61626
14 8.1170 17.9671 -13.17858 2327977
15 7.9410 18.1610 -14.40000 24.94329
16 7.7650 18.3638 -15.67717 26.60681
17 7.5890 18.5734 -16.99780 28.27032
18 7.4130 18.7905 -18.36535 29.93384
19 7.2370 19.0155 -19.78268 31.59735
20 7.0610 19.2488 -21.25228 33.26087
21 6.8850 19.4910 -22.77764 34.92439
22 6.7090 19.7426 -24.36252 36.58790
23 6.5330 20.0042 -26.01039 38.25142
24 6.3570 20.2764 “27.72585 39.91493
25 6.1810 20.5602 -29.51276 41.57845
26 6.0050 20.8566 -31.38016 4324197
27 5.8290 21.1664 -33.33165 44.90548
28 5.6530 21.4908 -35.37480 46.56900
29 5.4770 21.8306 -37.51528 48.23251
30 5.3010 22.1871 -39.76126 49.89603
31 5.1250 22.5618 -42.12157 51.55955
32 4.9490 22.9566 -44.60819 53.22306
33 4.7730 23.3730 -47.23150 54.88658
34 4.5970 23.8125 -50.00000 56.55009
35 4.4210 24.2789 -52.93764 58.21361
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d’ Y ) v @ o " N . . AW a £
MINN A2 LAAIVDYAT IV TVIAN Calibration curve of Ring compression test nmduilszans

ANMTIATIUIVIND 0.02 71 18210N15918949 Finite Element Simulation

Step Height; mm Inner diameter; mm %D, %H

0 10.58 15.875 0 0

1 10.4038 15.8772 -0.01386 1.66541

2 10.2278 15.9893 -0.71969 3.32892
3 10.0518 16.0476 -1.08693 4.99244
4 9.8758 16.1652 -1.82772 6.65595

5 9.7010 16.2864 -2.59150 8.30813

6 9.5250 16.4101 “3:3707.1 9.97164
7 9.3490 16.5365 -4.16693 11.63516
8 9.1730 16.6657 -4.98047 13.29868
9 8.9970 16.7977 -5.81228 14.96219
10 8.8210 16.9328 -6.66299 16.62571
11 8.6450 17.0708 -7.53260 18.28922
12 8.4690 17.2122 -8.42299 19.95274
13 8.2930 17.3568 -9.33386 21.61626
14 8.1170 17.5047 -10.26551 23.27977
15 7.9410 17.6562 -11.21984 24.94329
16 7.7650 17.8113 -12.19685 26.60681
17 7.5890 17.9701 -13.19748 28.27032
18 7.4130 18.1319 -14.21638 29.93384
19 7.2370 18.2976 -15.26047 31.59735
20 7.0610 18.4679 -16.33291 33.26087
21 6.8850 18.6422 -17.43118 34.92439
22 6.7090 18.8209 -18.55685 36.58790
23 6.5330 19.0038 -19.70898 38.25142
24 6.3570 19.1910 -20.88819 39.91493
25 6.1810 19.3807 -22.08283 41.57845
26 6.0050 19.5745 -23.30362 43.24197
27 5.8290 19.7744 -24.56283 44.90548
28 5.6530 19.9769 -25.83874 46.56900
29 5.4770 20.1838 -27.14205 48.23251
30 5.3010 20.3952 -28.47370 49.89603
31 5.1250 20.6101 -29.82709 51.55955
32 4.9490 20.8287 -31.20441 53.22306
33 4.7730 21.0500 -32.59811 54.88658
34 4.5970 21.2707 -33.98835 56.55009
35 4.4210 21.4925 -35.38551 58.21361
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MIINN A3 LAAIVOYAT11TVIAN Calibration curve of Ring compression test NATEY

ANMITIAMIUINNDY 0.03 N'1A1NN1591899 Finite Element Simulation

1520

Step Height; mm Inner diameter; mm %D, Y%H
0 10.58 15.875 0 0
1 10.4038 15.8681 0.04378 1.66541
2 10.2278 15.9695 -0.59496 3.32892
3 10.0518 16.0746 -1.25732 4.99244
4 9.8758 16.1828 -1.93858 6.65595
5 9.7010 16.2922 -2.62772 8.30813
6 9.5250 16.4047 -3.33669 9.97164
7 9.3490 16.5189 -4.05606 11.63516
8 9.1730 16.6555 -4.91622 13.29868
9 8.9970 16.7537 =5.53512 14.96219
10 8.8210 16.8744 -6.29543 16.62571
11 8.6450 16.9972 -7.06866 18.28922
12 8.4690 171221 -7.85575 19.95274
13 8.2930 17.2492 -8.65606 21.61626
14 8.1170 17.3783 -9.46961 23.27977
15 7.9410 17.5097 -10.29701 24.94329
16 7.7650 17.6431 -11.13764 26.60681
17 7.5890 17.7787 -11.99181 28.27032
18 7.4130 17.9163 -12.85858 29.93384
19 7.2370 18.0558 =18.73732 31.59735
20 7.0610 18.1974 -14.62898 33.26087
21 6.8850 18.3406 -15.53134 34.92439
22 6.7090 18.4853 -16.44283 36.58790
23 6.5330 18.6313 -17.36252 38.25142
24 6.3570 18.7784 -18.28913 39.91493
25 6.1810 18.9262 -19.22016 41.57845
26 6.0050 19.0745 -20.15402 43.24197
27 5.8290 19.2222 -21.08441 44.90548
28 5.6530 19.3698 -22.01417 46.56900
29 5.4770 19.5155 -22.93228 48.23251
30 5.3010 19.6586 -23.83339 49.89603
31 5.1250 19.7985 -24.71465 51.55955
32 4.9490 19.9307 -25.54740 53.22306
33 4.7730 20.0571 -26.34362 54.88658
34 4.5970 20.1751 -27.08693 56.55009
35 4.4210 20.2810 -27.75402 58.21361
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MINN A4 LAAIUDYATIHTUVIAN Calibration curve of Ring compression test NATTY

ANUFIAMIUIVIINY 0.04 N1'1A91NN1551804 Finite Element Simulation

15

a

ean

Step Height; mm Inner diameter; mm %D, %H

0 10.58 15.875 0 0

1 10.4038 15.8579 0.10772 1.66541

2 10.2278 15.9488 -0.46457 3.32892
3 10.0518 16.0421 -1.05228 4.99244
4 9.8758 16.1382 -1.65795 6.65595
5 9.7010 16.2343 -2.26331 8.30813

6 9.5250 16.3330 -2.88504 9.97164
7 9.3490 16.4326 -3.51244 11.63516
8 9.1730 16.5337 -4.14929 13.29868
9 8.9970 16.6368 -4.79843 14.96219
10 8.8210 16.7411 -5.45543 16.62571
11 8.6450 16.8462 -6.11780 18.28922
12 8.4690 16.9529 -6.78961 19.95274
13 8.2930 17.0605 -7.46740 21.61626
14 8.1170 17.1688 -8.14992 23.27977
15 7.9410 17.2779 -8.83717 24.94329
16 7.7650 17.3875 =9.52756 26.60681
17 7.5890 17.4978 -10.22205 28.27032
18 7.4130 17.6082 -10.91780 29.93384
19 7.2370 17.7189 -11.61480 31.59735
20 7.0610 17.8290 -12.30866 33.26087
21 6.8850 17.9383 -12.99685 34.92439
22 6.7090 18.0466 -13.67937 36.58790
23 6.5330 18.1534 -14.35181 38.25142
24 6.3570 18.2578 -15.00976 39.91493
25 6.1810 18.3599 -15.65291 41.57845
26 6.0050 18.4585 -16.27370 43.24197
27 5.8290 18.5523 -16.86488 44.90548
28 5.6530 18.6406 -17.42110 46.56900
29 5.4770 18.7221 -17.93417 48.23251
30 5.3010 18.7949 -18.39307 49.89603
31 5.1250 18.8565 -18.78110 51.55955
32 4.9490 18.9051 -19.08693 53.22306
33 4.7730 18.9408 -19.31213 54.88658
34 4.5970 18.9594 -19.42898 56.55009
35 4.4210 18.9629 -19.45102 58.21361
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M519N A5 LAAIUDYATIMIVIAN Calibration curve of Ring compression test nmduilszans

ANULTEANIUININY 0.05 N'1F917N1591204 Finite Element Simulation

Step Height; mm Inner diameter; mm %D, %H

0 10.58 15.875 0 0

1 10.4038 15.8482 0.16882 1.66541

2 10.2278 15.9289 -0.33921 3.32892

3 10.0518 16.0107 -0.85449 4.99244
4 9.8758 16.0942 -1.38047 6.65595

5 9.7010 16.1773 -1.90425 8.30813
6 9.5250 16.2627 -2.44189 9.97164
i 9.3490 16.3498 -2.99087 11.63516
8 9.1730 16.4377 -3.54425 13.29868
9 8.9970 16.5254 -4.09669 14.96219
10 8.8210 16.6134 -4.65102 16.62571
11 8.6450 16.7012 -5.20409 18.28922
12 8.4690 16.7944 -5.79150 19.95274
13 8.2930 16.8769 -6.31087 21.61626
14 8.1170 16.9644 -6.86236 23279717
15 7.9410 17.0511 -7.40819 2494329
16 7.7650 17.1368 -7.94803 26.60681
17 7.5890 172212 -8.47969 28.27032
18 7.4130 17.3039 -9.00094 29.93384
19 7.2370 17.3847 -9.50961 31.59735
20 7.0610 17.4629 -10.00220 33.26087
21 6.8850 17.5379 -10.47465 34.92439
22 6.7090 17.6092 -10.92378 36.58790
23 6.5330 17.6763 -11.34677 38.25142
24 6.3570 17.7382 -11.73638 39.91493
25 6.1810 17.7952 -12.09543 41.57845
26 6.0050 17.8445 -12.40598 43.24197
27 5.8290 17.8857 -12.66551 4490548
28 5.6530 17.9154 -12.85260 46.56900
29 5.4770 17.9377 -12.99339 48.23251
30 5.3010 17.9483 -13.05984 49.89603
31 5.1250 17.9495 -13.06772 51.55955
32 4.9490 17.9414 -13.01638 53.22306
33 4.7730 17.9253 -12.91528 54.88658
34 4.5970 17.8899 -12.69228 56.55009
35 4.4210 17.8414 -12.38677 58.21361
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13199 A.6 LLAAIVDYATIHTVIANT Calibration curve of Ring compression test nmaulszans

AMUFTIAMIUNIND 0.055 N 1#910N15319049 Finite Element Simulation

Step Height; mm Inner diameter; mm %D, %H

0 10.58 15.875 0 0

1 10.4038 15.8430 0.20189 1.66541

2 10.2278 15.9186 -0.27465 3.32892

3 10.0518 15.9941 -0.75024 4.99244

4 9.8758 16.0708 -1.23307 6.65595

5 9.7010 16.1469 -1.71276 8.30813

6 9.5250 16.2256 -2.20819 9.97164
7 9.3490 16.3058 -2.71339 11.63516
8 9.1730 16.3864 -3.22142 13.29868
9 8.9970 16.4662 -3.72409 14.96219
10 8.8210 16.5459 -4.22583 16.62571
11 8.6450 16.6252 -4.72567 18.28922
12 8.4690 16.7039 -5.22142 19.95274
13 8.2930 16.7817 =5.71150 21.61626
14 8.1170 16.8583 -6.19402 23.27977
15 7.9410 16.9335 -6.66740 24.94329
16 7.7650 17.0069 -7.13008 26.60681
17 7.5890 17.0783 =7.57953 28.27032
18 7.4130 17.1469 -8.01165 29.93384
19 7.2370 17.2135 -8.43118 31.59735
20 7.0610 17.2769 -8.83087 33.26087
21 6.8850 17.3357 -9.20126 34.92439
22 6.7090 17.3891 -9.53732 36.58790
23 6.5330 17.4363 -9.83496 38.25142
24 6.3570 17.4774 -10.09386 39.91493
25 6.1810 17.5112 -10.30646 41.57845
26 6.0050 17.5367 -10.46709 43.24197
27 5.8290 17.5540 -10.57638 44.90548
28 5.6530 17.5619 -10.62614 46.56900
29 5.4770 17.5625 -10.62961 48.23251
30 5.3010 17.5561 -10.58961 49.89603
31 5.1250 17.5404 -10.49039 51.55955
32 4.9490 17.5130 -10.31780 53.22306
33 4.7730 17.4747 -10.07685 54.88658
34 4.5970 17.4243 -9.75937 56.55009
35 4.4210 17.3514 -9.30016 58.21361
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MINN N7 me%gammmﬂm Calibration curve of Ring compression test ndulszans

ANUIABANIUNING 0.06 N1321NN1531904 Finite Element Simulation

Step Height; mm Inner diameter; mm %D, %H

0 10.58 15.875 0 0

1 10.4038 15.8380 0.23339 1.66541

2 10.2278 15.9092 -0.21512 3.32892

3 10.0518 15.9793 -0.65669 4.99244
4 9.8758 16.0503 -1.10425 6.65595

5 9.7010 16.1205 -1.54646 8.30813

6 9.5250 16.1918 -1.99528 9.97164
7 9.3490 16.2646 -2.45417 11.63516
8 9.1730 16.3374 -2.91276 13.29868
9 8.9970 16.4093 -3.36567 14.96219
10 8.8210 16.4807 -3.81512 16.62571
11 8.6450 16,5512 -4.25953 18.28922
12 8.4690 16.6203 -4.69480 19.95274
13 8.2930 16.6878 -5.12000 21.61626
14 8.1170 16.7535 -5.53354 23.27977
15 7.9410 16.8174 -5.93638 24.94329
16 7.7650 16.8793 -6.32630 26.60681
17 7.5890 16.9384 -6.69858 28.27032
18 7.4130 16.9944 -7.05102 29.93384
19 7.2370 17.0480 -7.38898 31.59735
20 7.0610 17.0954 -7.68756 33.26087
21 6.8850 17.1354 -7.93921 34.92439
22 6.7090 17.1710 -8.16378 36.58790
23 6.5330 17.1968 -8.32598 38.25142
24 6.3570 19.2215 -8.48157 39.91493
25 6.1810 17.2353 -8.56850 41.57845
26 6.0050 17.2408 -8.60346 43.24197
27 5.8290 17.2418 -8.60945 44.90548
28 5.6530 17.2369 -8.57890 46.56900
29 5.4770 17.2247 -8.50173 48.23251
30 5.3010 17.2031 -8.36567 49.89603
31 5.1250 17.1715 -8.16693 51.55955
32 4.9490 17.1285 -7.89606 53.22306
33 4.7730 17.0731 -7.54709 54.88658
34 4.5970 17.0010 -7.09260 56.55009
35 4.4210 16.9087 -6.51118 58.21361
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AN A8 LAAIVDYATIMITUVIAN Calibration curve of Ring compression test nmduilszan

ANMUTEANIUININD 0.07 N1d91NN1531804 Finite Element Simulation

Step Height; mm Inner diameter; mm %Dy, %H

0 10.58 15.875 0 0

1 10.40380 15.82815 0.29512 1.66541
2 10.22780 15.88810 -0.08252 3.32892
3 10.05180 15.96515 -0.56787 4.99244
4 9.87580 16.00410 -0.81323 6.65595
5 9.70100 16.05990 -1.16472 8.30813
6 9.52500 16.11740 -1.52693 9.97164
7 9.34900 16.17615 -1.89701 11.63516
8 9.17300 16.23470 -2.26583 13.29868
9 8.99700 16.29100 -2.62047 14.96219
10 8.82100 16.34445 -2.95717 16.62571
11 8.64500 16.39695 -3.28787 18.28922
12 8.46900 16.44690 -3.60252 19.95274
13 8.29300 16.49480 -3.90425 21.61626
14 8.11700 16.54060 -4.19276 23.27977
15 7.94100 16.58180 -4.45228 24.94329
16 7.76500 16.61760 -4.67780 26.60681
1 7.58900 16.65040 -4.88441 28.27032
18 7.41300 16.67825 -5.05984 29.93384
19 7.23700 16.70070 -5.20126 31.59735
20 7.06100 16.71920 -5.31780 33.26087
21 6.88500 16.72825 -5.37480 34.92439
22 6.70900 16.73360 -5.40850 36.58790
23 6.53300 16.73630 -5.42551 38.25142
24 6.35700 16.73220 -5.39969 39.91493
25 6.18100 16.72575 -5.35906 41.57845
26 6.00500 16.71320 -5.28000 43.24197
27 5.82900 16.69370 -5.15717 44.90548
28 5.65300 16.66855 -4.99874 46.56900
29 5.47700 16.63290 -4.77417 48.23251
30 5.30100 16.58660 -4.48252 49.89603
31 5.12500 16.52725 -4.10866 51.55955
32 4.94900 16.45300 -3.64094 53.22306
33 4.77300 16.36275 -3.07244 54.88658
34 4.59700 16.25015 -2.36315 56.55009
35 4.42100 16.11450 -1.50866 58.21361
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MINN A9 UAAIVDYATI1TVIANT Calibration curve of Ring compression test Amduszan

ANMULTEANIUIVIINY 0.08 N11d211N1591904 Finite Element Simulation

Step Height; mm Inner diameter; mm %D, %H

0 10.58 15.875 0 0

1 10.40380 15.81730 0.36346 1.66541
2 10.22780 15.86715 0.04945 3.32892
3 10.05180 15.91435 -0.24787 4.99244
4 9.87580 15.95900 -0.52913 6.65595
5 9.70100 16.00105 -0.79402 8.30813
6 9.52500 16.04400 -1.06457 9.97164
7 9.34900 16.08755 -1.33890 11.63516
8 9.17300 16.13100 -1.61260 13.29868
9 8.99700 16.17010 -1.85890 14.96219
10 8.82100 16.20640 -2.08756 16.62571
11 8.64500 16.24080 -2.30425 18.28922
12 8.46900 16.27220 -2.50205 19.95274
13 8.29300 16.29935 -2.67307 21.61626
14 8.11700 16.32230 -2.81764 23.27977
15 7.94100 16.34080 -2.93417 24.94329
16 7.76500 16.35545 -3.02646 26.60681
17 7.58900 16.36595 -3.09260 28.27032
18 7.41300 16.37195 -3.13039 29.93384
19 7.23700 16.37370 -3.14142 31.59735
20 7.06100 16.37400 -3.14331 33.26087
21 6.88500 16.36745 -3.10205 34.92439
22 6.70900 16.35880 -3.04756 36.58790
23 6.53300 16.34585 -2.96598 38.25142
24 6.35700 16.32800 -2.85354 39.91493
25 6.18100 16.30430 -2.70425 41.57845
26 6.00500 16.27510 -2.52031 43.24197
27 5.82900 16.23765 -2.28441 4490548
28 5.65300 16.19050 -1.98740 46.56900
29 5.47700 16.13290 -1.62457 48.23251
30 5.30100 16.06260 -1.18173 49.89603
31 5.12500 15.97715 -0.64346 51.55955
32 4.94900 15.87140 0.02268 53.22306
33 4.77300 15.74750 0.80315 54.88658
34 4.59700 15.59925 1.73701 56.55009
35 4.42100 15.42420 2.83969 58.21361
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AN A.10 LAAIVDYAT IV TUIAN Calibration curve of Ring compression test nmaulszans

T ow { Y o .. i 5
ANUTIANILUNINDY 0.09 ﬁ"lﬂmﬂmimam Finite Element Simulation

Step Height; mm Inner diameter; mm %D, %H
0 10.58 15.875 0 0
1 10.4038 15.8074 0.42583 1.66541
2 10.2278 15.8481 0.16945 3.32892
3 10.0518 15.8850 -0.06268 4.99244
4 9.8758 159185 -0.27370 6.65595
5 9.7010 15.9481 -0.46016 8.30813
6 9.5250 15.9761 -0.63654 9.97164
7 9.3490 16.0046 -0.81606 11.63516
8 9.1730 16.0325 -0.99213 13.29868
9 8.9970 16.0562 -1.14142 14.96219
10 8.8210 16.0759 -1.26520 16.62571
11 8.6450 16.0931 -1.37386 18.28922
12 8.4690 16.1071 -1.46173 19.95274
13 8.2930 16.1163 -1.52000 21.61626
14 8.1170 16.1219 -1.55528 23.27977
15 7.9410 16.1246 -1.57228 24.94329
16 7.7650 16.1251 =1.57512 26.60681
17 7.5890 16.1246 -1.57197 28.27032
18 7.4130 16.1186 -1.53449 29.93384
19 7.2370 16.1109 -1.48598 31.59735
20 7.0610 16.0995 -1.41386 33.26087
21 6.8850 16.0846 -1.32031 34.92439
22 6.7090 16.0659 -1.20220 36.58790
23 6.5330 16.0422 =1.05323 38.25142
24 6.3570 16.0115 -0.85984 39.91493
25 6.1810 15.9733 -0.61890 41.57845
26 6.0050 15.9276 -0.33102 43.24197
27 5.8290 15.8718 0.02016 44.90548
28 5.6530 15.8045 0.44409 46.56900
29 5.4770 15.7238 0.95244 48.23251
30 5.3010 15.6280 1.55591 49.89603
31 5.1250 15.5155 2.26488 51.55955
32 4.9490 15.3833 3.09764 53.22306
33 4.7730 15.2344 4.03559 54.88658
34 4.5970 15.1031 4.86268 56.55009
35 4.4210 14.9109 6.07307 58.21361
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M1919N A.11 LAAIVOYATIHIVIAN Calibration curve of Ring compression test nadutlszans

ANMMFIAMUININY 0.10 711d219N1391804 Finite Element Simulation

Step Height; mm Inner diameter; mm %D, %H

0 10.58 15.875 0 0

1 10.4038 15.7960 0.49764 1.66541

2 10.2278 15.8256 0.31118 3.32892

3 10.0518 15.8512 0.14992 4.99244
4 9.8758 15.8727 0.01480 6.65595
5 9.7010 15.8895 -0.09102 8.30813
6 9.5250 15.9037 -0.18079 9.97164
7 9.3490 15.9168 -0.26299 11.63516
8 9.1730 15.9280 -0.33386 13.29868
9 8.9970 15.9360 -0.38425 14.96219
10 8.8210 15.9411 -0.41606 16.62571
11 8.6450 15.9446 -0.43843 18.28922
12 8.4690 15.9465 -0.45039 19.95274
13 8.2930 15.9461 -0.44787 21.61626
14 8.1170 15.9435 -0.43118 23.27977
15 7.9410 15.9385 -0.40000 24.94329
16 7.7650 15.9320 -0.35874 26.60681
17 7.5890 15.9205 -0.28630 28.27032
18 7.4130 15.9080 -0.20787 29.93384
19 7.2370 15.8902 -0.09543 31.59735
20 7.0610 15.8696 0.03402 33.26087
21 6.8850 15.8450 0.18929 34.92439
22 6.7090 15.8154 0.37543 36.58790
23 6.5330 15.7798 0.60000 38.25142
24 6.3570 15.7357 0.87748 39.91493
25 6.1810 15.6827 1.21134 41.57845
26 6.0050 15.6207 1.60189 43.24197
27 5.8290 15.5473 2.06457 44.90548
28 5.6530 15.4614 2.60567 46.56900
29 5.4770 15.3607 3.24000 48.23251
30 5.3010 15.2441 3.97417 49.89603
31 5.1250 15.1102 4.81764 51.55955
32 4.9490 14.9609 5.75811 53.22306
33 4.7730 14.7794 6.90142 54.88658
34 4.5970 14.5564 8.30646 56.55009
35 44210 14.2947 9.95496 58.21361
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AN AL12 LAAIUDYATIMTUVIAN Calibration curve of Ring compression test nmdulszans

AMITIANMIUININD 0.12 N11d219N1391904 Finite Element Simulation

Step Height; mm Inner diameter; mm %D, %H

0 10.58 15.875 0 0

1 10.4038 15.7741 0.63559 1.66541

2 10.2278 15.7837 0.57543 3.32892

3 10.0518 15.7895 0.53890 4.99244

4 9.8758 15.7918 0.52441 6.65595

5 9.7010 15.7918 0.52441 8.30813

6 9.5250 15.7901 0.53480 9.97164
7 9.3490 15.7886 0.54457 11.63516
8 9.1730 15.7850 0.56693 13.29868
9 8.9970 15.7797 0.60031 14.96219
10 8.8210 15.7730 0.64283 16.62571
11 8.6450 15.7651 0.69260 18.28922
12 8.4690 15.7550 0.75622 19.95274
13 8.2930 15.7425 0.83465 21.61626
14 8.1170 15.7276 0.92850 23.27977
15 7.9410 15.7098 1.04063 24.94329
16 7.7650 15.6888 1:17291 26.60681
17 7.5890 15.6641 1.32850 28.27032
18 7.4130 15.6349 1.51244 29.93384
19 7.2370 15.6020 1.71969 31.59735
20 7.0610 15.5633 1.96378 33.26087
21 6.8850 15.5181 2.24819 34.92439
22 6.7090 15.4675 2.56693 36.58790
23 6.5330 15.4095 2.93228 38.25142
24 6.3570 15.3398 3.37134 39.91493
25 6.1810 15.2635 3.85197 41.57845
26 6.0050 15.1748 441102 43.24197
27 5.8290 15.0742 5.04472 44.90548
28 5.6530 14.9599 5.76441 46.56900
29 5.4770 14.8610 6.38740 48.23251
30 5.3010 14.7318 7.20157 49.89603
31 5.1250 14.6060 7.99402 51.55955
32 4.9490 14.4414 9.03055 53.22306
33 4.7730 14.2347 10.33260 54.88658
34 4.5970 14.0082 11.75969 56.55009
35 4.4210 13.7390 13.45512 58.21361
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MINN A13 LAPIVDYATINITUIANT Calibration curve of Ring compression test naaulseans

ANUABANIUMINY 0.15 N1'1d210N1531904 Finite Element Simulation

Step Height; mm Inner diameter; mm %D, %H

0 10.58 15.875 0 0

1 10.4038 15.7620 071213 1.66541
2 10.2278 15.7589 0.73134 3.32892
3 10.0518 15.7540 0.76220 4.99244
4 9.8758 15.7459 0.81354 6.65595
5 9.7010 15.7351 0.88157 8.30813
6 9.5250 15.7232 0.95622 9.97164
7 9.3490 15.7101 1.03874 11.63516
8 9.1730 15.6951 1.13323 13.29868
9 8.9970 15.6779 1.24157 14.96219
10 8.8210 15.6584 1.36441 16.62571
11 8.6450 15.6363 1.50362 18.28922
12 8.4690 15.6116 1.65921 19.95274
13 8.2930 15.5824 1.84346 21.61626
14 8.1170 15.5534 2.02583 23.27977
15 7.9410 15.5190 2.24283 24.94329
16 7.7650 15.4800 2.48819 26.60681
17 7.5890 15.4370 2.75906 28.27032
18 7.4130 15.3890 3.06173 29.93384
19 7.2370 15.3356 3.39780 31.59735
20 7.0610 15.2763 3.77134 33.26087
21 6.8850 15.2104 4.18677 34.92439
22 6.7090 15:1377 4.64441 36.58790
23 6.5330 15.0578 5.14772 38.25142
24 6.3570 14.9695 5.70394 39.91493
25 6.1810 14.8710 6.32472 41.57845
26 6.0050 14.7679 6.97386 43.24197
27 5.8290 14.6491 7.72220 44.90548
28 5.6530 14.5247 8.50583 46.56900
29 5.4770 14.3878 9.36850 48.23251
30 5.3010 14.2637 10.15024 49.89603
31 5.1250 14.0801 11.30677 5155955
32 4.9490 13.9174 12.33165 53.22306
33 4.7730 13.7069 13.65764 54.88658
34 4.5970 13.4498 1527717 56.55009
35 4.4210 13.2250 16.69291 58.21361
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M919N A.14 LTAIVDYATIMTUIAN Calibration curve of Ring compression test nmdulszans

ANMUTIAMUININY 0.17 N1 1d217N13918049 Finite Element Simulation

Step Height; mm Inner diameter; mm %D, %H

0 10.58 15.875 0 0
1 10.4038 15.7597 0.72630 1.66541
2 10.2278 15.7538 0.76346 3.32892
3 10.0518 15.7453 0.81732 4.99244
4 9.8758 15.7335 0.89165 6.65595
5 9.7010 15.7183 0.98709 8.30813
6 9.5250 15.7013 1.09417 9.97164
7 9.3490 15.6812 1.22110 11.63516
8 9.1730 15.6797 1.23024 13.29868
9 8.9970 15.6557 1.38173 14.96219
10 8.8210 15.6089 1.67622 16.62571
11 8.6450 15.5776 1.87370 18.28922
12 8.4690 15.5493 2.05197 19.95274
13 8.2930 15.5340 2.14835 21.61626
14 8.1170 15.4748 2.52094 23.27977
15 7.9410 15.4591 2.61984 24.94329
16 7.7650 15.3815 3.10898 26.60681
17 7.5890 15.3336 3.41039 28.27032
18 7.4130 15.2770 3.76693 29.93384
19 7.2370 152150 4.15748 31.59735
20 7.0610 15.1433 4.60913 33.26087
21 6.8850 15.0770 5.02677 34.92439
22 6.7090 15.0000 5.51181 36.58790
23 6.5330 149172 6.03370 38.25142
24 6.3570 14.8205 6.64252 39.91493
25 6.1810 14.6990 7.40819 41.57845
26 6.0050 14.5970 8.05039 43.24197
27 5.8290 14.4907 8.72031 44.90548
28 5.6530 14.3587 9.55181 46.56900
29 5.4770 14.1864 10.63685 48.23251
30 5.3010 13.9821 11.92409 49.89603
31 5.1250 13.7737 13.23685 51.55955
32 4.9490 13.5219 14.82299 53.22306
33 4.7730 13.2758 16.37291 54.88658
34 4.5970 13.0095 18.05039 56.55009
35 4.4210 12.7804 19.49386 58.21361
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M 319N A.15 LAAIUDYATIMIVIAN Calibration curve of Ring compression test nmdulszans

ANUFIANIUININY 0.20 N1'1d917N1581804 Finite Element Simulation

Step Height; mm Inner diameter; mm %D, %H

0 10.58 15.875 0 0

1 10.4038 15.7563 0.74772 1.66541

2 10.2278 15.7464 0.81008 3.32892

3 10.0518 15.7332 0.89323 4.99244
4 9.8758 15.7161 1.00126 6.65595

5 9.7010 15.6955 1.13071 8.30813

6 9.5250 15.6724 1.27654 9.97164
7 9.3490 15.6467 1.43843 11.63516
8 9.1730 15.6185 1.61575 13.29868
9 8.9970 15.5879 1.80882 14.96219
10 8.8210 15.5547 2.01764 16.62571
11 8.6450 15.5183 2.24693 18.28922
12 8.4690 15.4779 2.50173 19.95274
13 8.2930 15.4343 2.77606 21.61626
14 8.1170 15.3877 3.06992 2327977
15 7.9410 15.3373 3.38709 2494329
16 7.7650 15.2834 3.72661 26.60681
17 7.5890 15.2257 4.09008 28.27032
18 7.4130 15.1643 4.47685 29.93384
19 7.2370 15.0996 4.88472 31.59735
20 7.0610 15.0319 531118 33.26087
21 6.8850 14.9615 5.75433 34.92439
22 6.7090 14.9150 6.04756 36.58790
23 6.5330 14.7989 6.77858 38.25142
24 6.3570 14.6978 7.41575 39.91493
25 6.1810 14.5924 8.07937 41.57845
26 6.0050 14.4994 8.66520 4324197
27 5.8290 14.3500 9.60661 4490548
28 5.6530 14.1732 10.72031 46.56900
29 5.4770 13.9439 12.16472 48.23251
30 5.3010 13.6862 13.78803 49.89603
31 5.1250 13.3633 15.82173 51.55955
32 4.9490 13.0106 18.04346 53.22306
33 4.7730 12.5112 21.18929 54.88658
34 4.5970 11.9209 24.90803 56.55009
35 4.4210 11.4346 27.97102 58.21361
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M919N A.16 LAAIVDYATIHIVIANT Calibration curve of Ring compression test AMdulszans

ANUFIAMUIIND 0.30 N'1@917N1391804 Finite Element Simulation

Step Height; mm Inner diameter; mm %D, %H
0 10.58 15.875 0 0
\ 10.4038 15.7529 0.76913 1.66541
2 10.2278 15.7617 0.71402 3.32892
3 10.0518 15.7199 0.97701 4.99244
4 9.8758 15.6976 1.11780 6.65595
5 9.7010 15.6713 1.28346 8.30813
6 9.5250 15.6418 1.46898 9.97164
7 9.3490 15.6096 1.67181 11.63516
8 9.1730 15.5749 1.89039 13.29868
9 8.9970 15.5380 2.12315 14.96219
10 8.8210 15.4989 2.36913 16.62571
11 8.6450 15.4579 2.62740 18.28922
12 8.4690 15.4151 2.89732 19.95274
13 8.2930 15.3703 3.17921 21.61626
14 8.1170 15.3245 3.46803 23.27977
15 7.9410 15.2779 3.76126 24.94329
16 7.7650 15.2354 4.02929 26.60681
17 7.5890 15.1934 4.29386 28.27032
18 7.4130 15.1524 4.55213 29.93384
19 7.2370 15.0323 5.30835 31.59735
20 7.0610 14.9500 5.82677 33.26087
21 6.8850 14.8995 6.14488 34.92439
22 6.7090 14.8177 6.66047 36.58790
23 6.5330 14.6698 7.59181 38.25142
24 6.3570 14.5414 8.40063 39.91493
25 6.1810 14.4295 9.10551 41.57845
26 6.0050 14.2160 10.45039 43.24197
27 5.8290 13.9483 12.13701 44.90548
28 5.6530 13.6055 14.29638 46.56900
29 5.4770 13.1555 17.13071 48.23251
30 5.3010 12.7010 19.99402 49.89603
31 5.1250 12.1850 23.24409 51.55955
32 4.9490 11.6054 26.89543 53.22306
33 4.7730 10.9562 30.98457 54.88658
34 4.5970 10.0668 36.58709 56.55009
35 4.4210 9.2522 41.71824 58.21361
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MINN A.17 LAAIVDYATIMTVIAN Calibration curve of Ring compression test NANFNYTLaAN

=ADa

ANUTIANIUNIND 0.57 11 1A91NN15918049 Finite Element Simulation

Step Height; mm Inner diameter; mm %D, %H
0 10.58 15.875 0 0
1 10.4038 15.7529 0.76945 1.66541
2 10.2278 15.7374 0.86677 3.32892
3 10.0518 15.7176 0.99181 4.99244
4 9.8758 15.6938 1.14173 6.65595
5 9.7010 15.6660 1.31654 8.30813
6 ) 9.5250 15.6347 1.51402 9.97164
) 9.3490 15.6007 1.72819 11.63516
8 9.1730 15.5640 1.95906 13.29868
9 8.9970 15.5249 2.20567 14.96219
10 8.8210 15.4834 2.46677 16.62571
11 8.6450 15.4399 2.74110 18.28922
12 8.4690 15.3943 3.02803 19.95274
13 8.2930 15.3476 3.32252 21.61626
14 8.1170 15.3014 3.61323 23.27977
15 7.9410 15.2588 3.88157 24.94329
16 7.7650 15.2023 4.23748 26.60681
17 7.5890 15.1180 4.76882 28.27032
18 7.4130 15.0500 5.19685 29.93384
19 7.2370 14.8950 6.17323 31.59735
20 7.0610 14.7850 6.86614 33.26087
21 6.8850 14.6973 7.41858 34.92439
22 6.7090 14.5000 8.66142 36.58790
23 6.5330 14.4000 9.29134 38.25142
24 6.3570 14.2000 10.55118 39.91493
25 6.1810 14.0000 11.81102 41.57845
26 6.0050 13.8000 13.07087 43.24197
27 5.8290 13.3700 15.77953 44.90548
28 5.6530 12.8900 18.80315 46.56900
29 5.47170 12.4500 21.57480 48.23251
30 5.3010 11.8081 25.61858 49.89603
31 5.1250 11.0801 30.20409 51.55955
32 4.9490 10.1670 35.95614 53.22306
33 4.7730 9.3432 41.14539 54.88658
34 4.5970 8.4739 46.62098 56.55009
35 4.4210 7.8512 50.54359 58.21361
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YoYATIMITUMNMITIAYN Calibration curve Y89NMINATOY Double cup extrusion test 116
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M3197 4.1 UETAUDYATIMIVIAN Calibration curve of Double cup extrusion test nm
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FulsLanTaNuFEeaN LAY 0.00 11491NN1531804 Finite Element Simulation

Step H; mm H ; mm H,; mm Cup height ratio; R Real stroke; S,

0 31.75 0 0 0 0

1 31.7531 0.4834 0.4826 1.00172 0.96292
2 31.8494 1.0680 1.0491 1.01794 2.01770
3 32.1014 1.6911 1.6815 1.00567 3.02116
4 32.3543 2.2470 2.2365 1.00468 3.87918
5 32.4292 2.3253 2.3078 1.00761 3.95387
6 32.7609 2.9507 2.9076 1.01481 4.84733
7 33.0887 3.5828 3:5319 1.01440 5.77601
8 33.3024 3.9380 3.8682 1.01805 6.25373
9 33.6019 4.5523 4.4720 1.01796 7.17239
10 33.8969 5.1480 5.0120 1.02713 8.01312
11 34.2012 5.7676 5.6252 1.02532 8.94161
12 34.4974 6.3692 6.2049 1.02648 9.82664
13 34.5794 6.5790 6.4332 1.02265 10.18280
14 34.8933 7.1520 7.0552 1.01372 11.06383
15 35.1889 7.7690 7.6837 1.01111 12.01380
16 35.2751 7.9135 7.8468 1.00850 12.23513
17 35.5789 8.4905 8.4804 1.00120 13.14194
18 35.8787 9.0924 9.1444 0.99432 14.10812
19 36.0463 9.4633 9.5001 0.99613 14.66709
20 36.3377 10.0695 10.1142 0.99558 15.59600
21 36.6433 10.6903 10.7736 0.99227 16.57060
22 36.9070 11.2340 113197 0.99243 17.39670
23 37.2085 11.8371 11.9556 0.99009 18.33420
24 37.4955 12.4333 12.5842 0.98801 19.27200
25 37.6970 12.8232 12.9447 0.99061 19.82090
26 38.0072 13.4417 13.5699 0.99055 20.75440
27 38.2976 14.0574 14.1961 0.99023 21.70590
28 38.5229 14.5020 14.6527 0.98972 22.38180
29 38.8258 15.0879 15.3310 0.98414 23.34310
30 39.1251 15.7120 15.8836 0.98920 24.22050
31 39.3522 16.1593 16.3719 0.98701 24.92900
32 39.6520 16.7860 16.9291 0.99155 25.81310
33 39.9465 17.4426 17.6225 0.98979 26.86860
34 40.2512 18.0307 18.2158 0.98984 27.74530
35 40.5752 18.6896 18.8445 0.99178 28.70890
36 40.8323 19.1378 19.3290 0.99011 29.38450
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MINN 3.2 LAAIVDYAT I TUIAN Calibration curve of Double cup extrusion test GR
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I'd '
AulsLanIANUFTEANIUNIND 0.01 71 1491NA15918049 Finite Element Simulation

Step H; mm H; mm H,;; mm Cup height ratio; R Real stroke; S,

0 31.75 0 0 0 0

1 31.7537 0.4649 0.5028 0.92461 0.96396
2 31.8489 1.1041 0.9729 1.13483 1.97802
3 32.1039 1.8314 1.4945 1.22545 2.97193
4 32.3813 2.5112 1.9664 1.27707 3.84633
5 32.7231 3.2053 2.5013 1.28144 4.73347
6 33.0474 3.8859 3.0422 1.27735 5.63066
7 33.3780 4.5495 3.5904 1.26715 6.51191
8 33.6937 5.2280 4.1347 1.26443 7.41905
9 34.0056 5.9081 4.6810 1.26215 8.33349
10 34.3058 6.5930 5.2025 1.26727 9.23966
11 34.6120 7.2918 5.7880 1.25981 10.21780
12 34.8588 7.8558 6.2335 1.26027 10.98046
13 35.1653 8.5097 6.7874 1.25375 11.88174
14 35.4731 9.2028 7.3532 1.25152 12.83290
15 35.5499 9.3557 7.5014 1.24719 13.05721
16 35.8570 10.0210 8.0655 1.24246 13.97946
17 36.1310 10.6692 8.6524 1.23309 14.94062
18 36.4378 11.3498 9.1938 1.23450 15.85583
19 36.7298 11.9803 9.7865 1.22417 16.78700
20 36.8243 12.2084 9.9536 1.22653 17.08772
21 36.9230 12.4148 10.1412 1.22419 17.38300
22 37.2269 13.0630 10.7411 1.21617 18.32720
23 37.5189 13.6839 11.2933 1.21168 19.20830
24 37.7140 14.1928 11.6951 1.21357 19.92390
25 38.0225 14.8314 12.2794 1.20783 20.83830
26 38.3081 15.4824 12.8316 1.20658 21.75590
27 38.4075 15.6734 13.0178 1.20400 22.03370
28 38.7004 16.3193 13.5880 1.20101 22.95690
29 39.0030 17.0314 14.1576 1.20299 23.93600
30 39.2327 17.4762 14.5869 1.19807 24.58040
31 39.5438 18.1763 15.1687 1.19828 25.55120
32 39.8475 18.8365 15.7453 1.19633 26.48430
33 40.1454 19.5416 16.2533 1.20232 27.39950
34 40.2790 19.7758 16.5202 1.19707 27.76700
35 40.5890 20.4048 17.1031 1.19305 28.66890
36 40.8917 21.0553 17.7211 1.18815 29.63470
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MI19IN 1.3 HAANUDYAT11TVIAN Calibration curve of Double cup extrusion test na
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4 =\ 1 -7 d‘ o
AulseansanudsamumIny 0.02 w"lﬁ'inﬂmimam Finite Element Simulation

Step l_ H; mm J_ H ; mm L H,; mm Cup height ratio; R Real stroke; S,

0 31.75 0 0 0 0

1 31.7562 0.4812 0.4782 1.00623 0.95325
2 31.8552 1.1726 0.8421 1.39246 1.90949
3 32.1168 2.0347 1.2980 1.56763 2.96586
4 32.4059 2.8072 1.6652 1.68580 3.81649
b} 32.7386 3.5484 2.1529 1.64822 4.71265
6 33.0502 42616 2.6577 1.60353 5.61906
7 33.3895 4.9887 3.1494 1.58401 6.49861
8 33.7020 5.7106 3.6316 1.57247 7.39012
9 34.0043 6.4407 4.1359 1.55724 8.32228
10 34.2862 7.1739 4.6283 1.55000 9.26605
11 346118 7.8807 5.1117 1.54170 10.13065
12 34.9292 8.6291 5.6127 1.53742 11.06264
13 35.0161 8.8420 5.7855 1.52831 11.36143
14 35.3076 9.6054 6.2748 1.53080 12.32262
15 35.6100 10.2239 6.7707 1.51003 13.13457
16 35.6974 10.4746 6.9025 1.51751 13.42970
17 36.0013 11.2128 7.4260 1.50993 14.38754
18 36.2712 11.8767 7.9201 1.49957 15.27558
19 36.3677 12.1005 8.0938 1.49503 15.57661
20 36.6680 12.8628 8.6400 1.48875 16.58480
21 36.9620 13.5279 9.1323 1.48132 17.44821
22 37.1371 13.9542 9.5081 1.46761 18.07519
23 37.4389 14.5820 10.0342 1.45323 18.92730
24 37.7391 15.2962 10.5682 1.44738 19.87530
25 37.8313 15.5130 10.7435 1.44394 20.17520
26 38.1301 16.2022 11.2628 1.43856 21.08490
27 38.4218 16.9085 11.8035 1.43250 22.04020
28 38.6383 17.3968 12.2062 1.42524 22.71470
29 38.9508 18.0801 12.7298 1.42030 23.60910
30 39.2381 18.7573 13.2614 1.41443 24.53060
31 39.4826 19.2592 13.7071 1.40505 25.23370
32 39.7798 19.9882 14.1900 1.40861 26.14840
33 40.0802 20.6287 14.7960 1.39421 27.09450
34 40.3848 21.3924 15.2769 1.40031 28.03450 B
35 40.6979 22.0741 15.8307 1.39439 28.95690
36 40.9926 22.6938 16.3309 1.38962 29.78210
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MINN 14 LFAAIUDYDTIMITVIAN Calibration curve of Double cup extrusion test nm

I'd '
Fudszansanudean1uiny 0.03 N1491NN1591804 Finite Element Simulation

Step H; mm H; mm H,; mm Cup height ratio; R Real stroke; S,
0 31.75 0 0 0 0
1 31.7546 0.4830 0.4838 0.99831 0.96212
2 31.8632 1.2535 0.8301 1.51008 1.97032
3 32.1367 2.1670 1.1899 1.82117 2.97013
4 322718 2.5304 1.3452 1.88112 3.35374
5 32.5289 3.1689 1.6948 1.86981 4.08482
6 32.8681 3.9626 2.1248 1.86497 4.96931
7 33.1429 4.6462 2.4744 1.87768 5.72767
8 33.4668 5.4624 2.9094 1.87748 6.65496
9 33.6408 5.9159 3.1529 1.87633 7.17799
10 33.9525 6.7150 3.5771 1.87719 8.08962
11 34.2081 7.3912 3.9178 1.88655 8.85093
12 34.5146 8.1907 43331 1.89027 9.75922
13 34.7779 8.9082 4.7166 1.88872 10.59690
14 35.0838 9.7234 5.1452 1.88980 11.53472
15 35.3394 10.3982 5.4915 1.89350 12.30031
16 35.6351 11.1388 5.9912 1.85918 13.24493
17 35.8803 11.7281 6.3581 1.84460 13.95588
18 36.1777 12.5193 6.8369 1.83113 14.92853
19 36.4604 13.1661 7.2855 1.80716 15.74122
20 36.7596 13.9450 7.7662 1.79559 16.70163
| 21 36.9453 14.4258 8.0694 1.78772 17.29987
22 37.2447 15.1200 8.5551 1.76737 18.18038
23 37.5367 15.8280 9.0484 1.74927 19.08966
24 37.6331 16.0723 9.2382 1.73971 19.42739
25 37.9305 16.8259 9.7188 1.73128 20.36419
26 38.2250 17.5503 10.2220 1.71691 21.29730
27 38.3310 17.8375 10.4097 1.71355 21.66620
28 38.6343 18.5379 10.9014 1.70051 22.55500
29 38.9281 19.2761 11.3660 1.69594 23.46400
30 39.0271 19.5577 11.5832 1.68845 23.86380
31 39.3282 20.2953 12.2282 1.65971 24.94530
32 39.6458 20.8913 12.5724 1.66168 25.56790
33 39.8752 21.4965 12.9768 1.65653 26.34810
34 40.1829 22.2021 13.4646 1.64892 27.23380
35 40.4973 22.8959 14.0225 1.63280 28.17110
36 40.8050 23.6425 14.5330 1.62681 29.12050
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M13199 9.5 LLAAIYDYATIMTUIAN Calibration curve of Double cup extrusion test nm
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4 '
FulsEanTaNuEeaNIUNIAY 0.04 N1 14910N15918949 Finite Element Simulation

Step H; mm H; mm H,; mm Cup height ratio; R Real stroke; S_
0 31.75 0 0 0 0
1 31.7538 0.4874 0.4685 1.04033 0.95205
2 31.8730 1.3273 0.7542 1.75972 1.95849
3 32.1319 2.2530 1.0092 2.23249 2.88026
4 32.4523 3.0853 1.4218 2.16993 3.80477
5 32.7760 3.9338 1.8149 2.16749 4.72265
6 33.1132 4.7896 2.2009 2.17622 5.62728
7 33.2803 5.2386 2.3804 2.20074 6.08867
8 33.6005 6.1096 2.7422 2.22801 7.00124
9 33.7746 6.6104 2.9580 223475 7.54377
10 34.0841 7.4812 3.3157 2.25632 8.46279
11 34.2644 7.9766 35212 2.26533 8.98343
12 34.5701 8.8101 3.8679 2.27776 9.85786
13 34.7302 9.3253 4.0911 2.27940 10.43614
14 35.0451 10.1284 4.4768 2.26240 11.31014
15 35.3028 10.8279 4.8046 2.25364 12.07973
16 35.6062 11.6674 5.2358 2.22839 13.04700
17 35.8824 12.4178 5.6306 2.20542 13.91598
18 36.1892 13.2191 6.0778 2.17498 14.85769
19 36.4788 13.9646 6.5184 2.14233 15.75422
20 36.7856 14.7542 6.9631 2.11892 16.68167
21 36.9858 15.2751 7.2661 2.10225 17.30537
22 37.2940 15.9939 7.7394 2.06656 18.18927
23 37.5923 16.7678 8.1995 2.04499 19.12497
24 37.6722 17.0239 8.3617 2.03594 19.46338
25 37.9744 17.8094 8.8224 2.01865 20.40743
26 38.2560 18.5075 9.2636 1.99788 21.26515
27 38.5646 19.2470 9.7539 1.97325 22.18634
28 38.8558 20.0210 10.2129 1.96036 23.12810
29 38.9746 20.3075 10.3851 1.95545 23.46800
30 39.2803 21.1273 10.8843 1.94108 24.48130
31 39.5968 21.8562 11.3519 1.92533 25.36130
32 39.7042 22.1271 11.5553 1.91489 25.72820
33 40.0049 22.7811 12.0215 1.89503 26.54770
34 40.3129 23.6012 12.5298 1.88361 27.56810
35 40.6337 24.2466 13.0518 1.85772 28.41470
36 40.7390 24.5143 13.2685 1.84756 28.79380
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M1319N 2.6 LAAIVDYATIMITUIAN Calibration curve of Double cup extrusion test 1711
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Futlseansanudeamuminy 0.05 11d21nN1551a04 Finite Element Simulation

Step H; mm H; mm H,; mm Cup height ratio; R Real stroke; S_

0 31.75 0 0 0 0

1 31.7521 0.4805 0.4776 1.00601 0.95596
2 31.8733 1.3680 0.7263 1.88359 1.97101
3 32.1298 2.3371 0.9422 2.48040 2.89947
4 32.4583 3.2318 1.2894 2.50638 3.81286
5 32.7189 3.9596 1.5678 2.52557 4.55853
6 33.0495 4.8705 1.8961 2.56867 5.46705
7 33.2828 5.5489 2.1156 2.62287 6.13170
8 33.3663 5.7944 2.2103 2.62152 6.38848
9 33.6809 6.6922 2.5418 2.63285 7.30311
10 33.8576 7.2423 2.7120 2.67046 7.84666
11 34.1647 8.1404 3.0473 2.67135 8.77303
12 34.3397 8.6489 3.2378 2.67123 9.29698
13 34.6559 9.5090 3.5982 2.64275 10.20129
14 34.8234 10.0389 3.7690 2.66352 10.73454
15 35.1398 10.9050 4.1101 2.65321 11.62531
16 35.3207 11.4057 4.3245 2.63749 12.15945
17 35.6339 12.2589 4.7197 2.59740 13.09468
18 35.8205 12.7852 4.9422 2.58693 13.65692
19 36.1332 13.6113 5.3432 2.54742 14.57128
20 36.3190 14.1677 5.5899 2.53452 15.18860
21 36.6326 14.9845 5.9976 2.49844 16.09945
22 36.9230 15.7281 6.4166 245116 16.97169
23 37.2330 16.5493 6.8470 2.41700 17.91334
24 37.5103 17.2756 7.2423 2.38538 18.75757
25 37.8102 18.0492 7.7068 2.34197 19.69584
26 38.0089 18.6284 7.9979 2.32917 20.36736
27 38.3223 19.3973 8.4430 2.29745 21.26796
28 38.6117 20.0971 8.9179 2.25357 22.15330
29 38.7202 20.4063 9.0980 2.24295 22.53407
30 38.9349 20.8946 9.4271 2.21645 23.13675
31 39.2342 21.7178 9.8290 2.20956 24.06260
32 39.5300 22.4792 10.2913 2.18429 24.99050
33 39.6340 22.7984 10.4399 2.18378 25.35430
34 39.9464 23.5213 10.9093 2.15608 26.23420
35 40.2535 243511 11.3799 2.13983 27.22750
36 40.5639 25.0245 11.8787 2.10667 28.08930
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ATNN L7 UAAIVDYATIMIVIANT Calibration curve of Double cup extrusion test GR
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FUUsZANTANUFTIAMUNING 0.06 N1A91NN1531894 Finite Element Simulation

Step L H; mm T H; mm H,; mm Cup height ratio; R Real stroke; S_

0 31.75 0 0 0 0

1 31.7529 0.4764 0.4713 1.01080 0.94482
2 31.8908 1.4216 0.6794 2.09248 1.96024
3 32.1455 2.4089 0.8742 2.75538 2.88759
4 32.4621 3.3058 1.2090 2.73440 3.80260
5 32.7814 42171 1.5285 2.75901 4.71413
6 33.1007 5.1445 1.8440 2.78994 5.63779
7 ) 33.2711 5.6342 2.0067 2.80768 6.11978
8 33.5809 6.5568 2.3170 2.82986 7.04289
9 33.7331 7.0417 2.4600 2.86254 7.51856
10 34.0361 7.9588 2.7668 2.87653 8.43948
11 34.2107 8.4403 29311 2.87960 8.91061
12 34.5158 9.4013 3.2265 2.91374 9.86205
13 34.7018 9.9418 3.4301 2.89837 10.42010
14 35.0108 10.8359 3.7408 2.89670 11.31588
15 35.0995 11.1186 3.8290 2.90379 11.59809
16 35.4123 11.9665 4.1449 2.88704 12.44910
17 35.6021 12.5280 4.3544 2.87712 13.03026
18 35.9159 13.4128 4.7003 2.85361 13.94720
19 36.2047 14.2159 5.0485 2.81585 14.80973
20 36.5156 15.0423 5.4274 2.77156 15.70408
21 36.7814 15.8079 5.7549 2.74686 16.53139
22 37.0921 16.6504 6.1607 2.70268 17.46901
23 37.4034 17.4840 6.5606 2.66500 18.39119
24 37.7171 18.2751 6.9437 2.63189 19.25172
25 37.9200 18.8995 7.1979 2.62569 19.92742
26 38.2346 19.7077 7.6328 2.58198 20.85588
27 38.3412 19.9898 7.7915 2.56559 21.19010
28 38.6506 20.8065 8.2051 2.53579 22.11103
29 38.9459 21.6099 8.6355 2.50245 23.04951
30 39.2432 22.4185 9.0432 2.47904 23.96852
31 39.5491 23.2281 9.4557 2.45652 24.88470
32 39.6607 23.5163 9.6428 2.43874 25.24842
33 39.9721 24.3294 10.0757 2.41466 26.18300
34 40.2870 25.1418 10.4936 2.39592 27.09840
35 40.4158 25.4509 10.6813 2.38275 27.46640
36 40.7244 26.2124 11.1709 2.34649 28.40890
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FUUsLanFTANUFIANIUNIND 0.07 N 1#91NN1591809 Finite Element Simulation

Step [ H; mm -_] H; mm H,; mm Cup height ratio; R LReal stroke; S,

0 31.75 0 0 0 0

1 31.7533 0.4812 0.4668 1.03078 0.94467
2 31.9004 1.4518 0.6598 2.20048 1.96114
3 32.1477 2.4278 0.8471 2.86606 2.87712
4 32.4619 3.3574 1.1664 2.87854 3.81184
5 32.7218 4.0835 1.4158 2.88432 4.52742
6 33.0386 5.0183 1.7215 2.91512 545113
7 33.2109 5.5269 1.8752 2.94736 5.94126
8 33.5206 6.4629 2.1726 2.97471 6.86494
9 33.5950 6.7094 22516 2.97983 7.11606
10 33.9030 7.6175 2.5429 2.99560 8.00737
11 33.9832 7.8645 2.6226 2.99873 8.25394
12 34.3012 8.8125 2.9268 3.01101 9.18807
13 34.4868 9.3767 3.1061 3.01880 9.74599
14 34.7980 10.3197 3.3907 3.04354 10.66239
15 34.9704 10.8246 3.5802 3.02349 11.18437
16 35.2854 11.7556 3.8743 3.03427 12.09448
17 35.5258 12.4743 4.1163 3.03046 12.81481
18 35.8357 13.4404 4.4432 3.02496 13.79786
19 35.9354 13.6926 4.5371 3.01791 14.04431
20 36.0333 13.9358 4.6412 3.00265 14.29367
21 36.3510 14.8395 4.9946 297114 15.23305
22 36.6455 15.6740 5.3302 2.94063 16.10865
23 36.9715 16.5406 5.6686 2.91792 16.98773
24 37.0711 16.8139 5.8139 2.89201 17.30672
25 37.3953 17.6836 6.1887 2.85739 18.22702
26 37.7156 18.5255 6.5665 2.82123 19.12637
27 37.9091 19.0768 6.7935 2.80809 19.71121
28 38.2242 19.9273 7.2219 2.75928 20.67501
29 38.5170 20.7633 7.5778 2.74001 21.57412
30 38.8266 21.6316 7.9542 2.71952 22.50919
31 39.0465 22.1821 8.2324 2.69449 23.11800
32 39.3589 23.0578 8.6157 2.67626 24.06459
33 39.6700 23.9186 8.9901 2.66055 2498871
34 39.9667 24.7397 9.3804 2.63739 25.90338
35 40.2650 25.5426 9.7687 2.61473 26.79633
36 40.4881 26.2354 10.1035 2.59666 27.60080
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ﬁuﬂixﬁmmmmﬂﬂmummu 0.08 ﬁ"lﬁ'mﬂmﬁi’mm Finite Element Simulation

Step H; mm H; mm H,; mm Cup height ratio; R Real stroke; S,
0 31.75 0 0 0 0
1 31.7566 0.4772 0.4653 1.02561 0.93594
2 31.9019 1.4778 0.6336 2.33232 1.95952
3 32.1566 2.4987 0.7872 3.17423 2.87931
4 32.4636 3.4210 1.0943 3.12625 3.80167
5 32.7766 4.3636 1.3915 3.13585 4.72848
6 33.0834 5.2990 1.6738 3.16578 5.63941
7 33.2316 5.7355 1.8098 3.16920 6.06370
8 33.5371 6.6675 2.1131 3.15531 6.99344
9 33.6188 6.9395 2.1942 3.16271 7.26490
10 33.9280 7.8471 2.4815 3.16220 8.15058
11 34.0097 8.0939 2.5631 3.15787 8.39726
12 34.3212 9.0404 2.8527 3.16911 9.32190
13 34.4967 9.5818 3.0124 3.18079 9.84755
14 34.8056 10.5131 3.3130 3217327 10.77052
15 34.9864 11.0710 3.4831 3.17848 11.31771
16 35.2978 11.9674 3.7853 3.16156 12.20488
17 35.4795 12.5015 3.9611 3.15609 12.73307
18 35.7948 13.4376 42741 3.14398 13.66687
19 36.1152 14.3591 4.6054 3.11786 14.59934
20 36.2102 14.6529 4.6925 3.12261 14.88522
21 36.5295 15.5312 5.0228 3.09212 15.77454
22 36.7094 16.0978 5.2407 3.07168 16.37912
23 37.0351 16.9529 5.6005 3.02706 17.26825
24 37.1304 17.2109 5.6790 3.03061 17.50953
25 37.4517 18.1173 6.0417 2.99869 18.45734
26 37.7635 18.9692 6.4025 2.96276 19.35824
27 38.0783 19.9277 6.7660 2.94529 20.36535
28 38.3855 20.7458 7.1418 2.90483 21.25213
29 38.7071 21.6286 7.5028 2.88274 22.17430
30 38.9334 22.2472 7.7821 2.85875 22.84594
31 39.2445 23.0992 8.1505 2.83409 23.75519
32 39.5395 23.9658 8.5269 2.81060 24.70322
33 39.8525 24.8178 8.8970 2.78947 25.61225
34 40.1627 25.6539 9.2624 2.76967 26.50364
35 40.4647 26.4634 9.6929 2.73020 27.44155
36 40.7750 27.2900 10.1130 2.69851 28.37800
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duise@nsanudsanuminy 0.09 71'1d219015319049 Finite Element Simulation

Step H; mm J H; mm H,; mm Cup height ratio; R ‘l_ Real stroke; S,

0 31.75 0 0 0 0

1 31.7561 0.4762 0.4662 1.02161 0.93631
2 31.9020 1.4980 0.6155 2.43382 1.96142
3 32.1510 2.5348 0.7672 3.30397 2.90100
4 32.2816 2.9227 0.8788 3.32584 3.26985
5 32.5906 3.8600 1.1927 3.29139 4.19209
6 32.7537 4.3675 1.3223 3.30289 4.68606
7 33.0688 5.3031 1.6032 3.30783 5.58747
8 33.1444 5.5397 1.6761 3.30510 5.82146
9 33.4556 6.4885 1.9595 3.31137 6.74232
10 33.6154 7.0065 2.1083 3.32327 7.24944
11 33.9207 7.9193 2.4029 3.29581 8.15149
12 34.0836 8.4199 2.5455 3.30775 8.63174
13 34.3888 9.3477 2.8387 3.29293 9.54759
14 34.4809 9.6320 29121 3.30761 9.81321
15 34.7898 10.5240 3.2012 3.28751 10.68541
16 34.9663 11.0588 3.3771 3.27466 11.21958
17 35.2809 12.0614 3.6782 3.27919 12.20866
18 35.4659 12.5424 3.8673 3.24322 12.69377
19 35.7808 13.4836 4.1564 3.24404 13.60922
20 35.9671 14.0392 4.3301 3.24221 14.15223
21 36.2876 14.9734 4.6418 3.22580 15.07756
22 36.4827 15.5117 4.8442 3.20212 15.62320
23 36.7994 16.4649 5.1880 3.17366 16.60348
24 36.8949 16.6915 5.2820 3.16007 16.82861
25 37.2216 17.6196 5.6168 3.13697 17.76475
26 37.4159 18.1548 5.8354 3.11113 18.32433
27 37.7464 19.0343 6.1604 3.08978 19.19831
28 38.0618 19.9763 6.5027 3.07202 20.16717
29 38.3721 20.8466 6.8687 3.03500 21.09323
30 38.6936 21.7292 7.2007 3.01766 21.98628
31 39.0023 22.6915 7.5680 2.99834 23.00722
32 39.2268 23.2210 7.7914 2.98036 23.53555
33 39.5462 24.1587 8.1321 2.97078 24.49461
34 39.7659 24.7870 8.3987 2.95130 25.16976
35 40.0833 25.6678 8.7631 2.92908 26.09760
36 40.3910 26.4186 9.1440 2.88918 26.92159
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auﬂszﬁmmwm?’rmmummu 0.10 m"lﬁ’i]mmiﬁ’mm Finite Element Simulation

Step L H; mm H; mm [ H; mm Cup height ratio; R L Real stroke; S,

0 31.75 0 0 0 0

1 31.7578 0.4812 0.4656 1.03342 0.93895
2 31.9012 1.5452 0.5731 2.69626 1.96706
3 32.0184 2.0629 0.6343 3.25234 2.42877
4 32.3158 3.0478 0.9021 3.37862 3.38411
5 32.5666 3.8466 1.1152 3.44911 4.14523
6 32.8831 4.7946 1.3846 3.46283 5.04609
7 33.1479 5.3091 1.5179 3.49768 5.42913
8 33.3564 6.2537 1.8027 3.46902 6.44999
9 33.5121 6.7366 1.9506 3.45365 6.92511
10 33.8197 7.6714 2.2207 3.45454 7.82232
11 33.9879 8.1875 2.3631 3.46478 8.31268
12 34.2921 9.1154 2.6588 3.42841 9.23211
I3 34.4633 9.6592 2.8148 3.43153 9.76076
14 34.7679 10.6215 3.1035 3.42247 10.70706
15 34.8612 10.8759 3.1859 3.41372 10.95064
16 35.1732 11.8169 3.4731 3.40239 11.86682
17 35.2614 12.0385 3.5505 3.39065 12.07760
18 35.5783 12.9580 3.8575 3.35917 12.98720
19 35.6725 13.2312 3.9446 3.35424 13.25332
20 35.9915 14.1882 4.2504 3.33813 14.19705
21 36.0780 14.4444 4.3263 3.33874 14.44270
22 36.3927 15.3970 4.6507 3.31066 15.40503
23 36.5768 15.9598 4.8352 3.30077 15.96817
24 36.9019 16.8511 5.1688 3.26016 16.86800
25 37.0036 1117 5.2611 3.25249 17.11920
26 37.3254 18.0649 5.5929 3.22999 18.08237
27 37.5069 18.5893 5.8158 3.19637 18.64815
28 37.8278 19.5136 6.1341 3.18118 19.56987
29 37.9255 19.7978 6.2358 3.17488 19.85807
30 38.2477 20.6792 6.5721 3.14651 20.75360
31 38.4520 21.2587 6.7923 3.12983 21.34898
32 38.7691 22.1146 7.1305 3.10142 22.22597
33 38.9685 22.7179 7.3516 3.09021 22.85097
34 39.2921 23.6357 7.7014 3.06900 23.79504
35 39.5016 24.2529 7.9182 3.06294 24.41947
36 39.8086 25.1496 8.2913 3.03327 25.38225




1 9 o ) . . . {
M99 4.12 HAAIUDYATIMITVIAN Calibration curve of Double cup extrusion test NN

114

d v
auﬂ‘szﬁmmwmaﬂﬂmummu 0.12 ﬁ"lﬁ’mﬂmsii’mm Finite Element Simulation

Step H; mm = H; mm H,; mm Cup height ratio; R Real stroke; S,

0 31.75 0 0 0 0

1 31.7566 0.4782 0.4631 1.03261 0.93471
2 31.9029 1.5427 0.5942 2.59628 1.98393
3 32.0219 2.0774 0.6288 3.30354 2.43433
4 32.3197 3.1093 0.8553 3.63552 3.39487
5 32.4956 3.6911 0.9859 3.74372 3.93143
6 32.8035 4.6498 1.2308 3.77805 4.82708
7 32.9560 5.1605 1.3550 3.80849 5.30951
8 33.2577 6.1008 1.6209 3.76377 6.21404
9 33.4159 6.6353 1.7564 3.77778 6.72574
10 33.7192 7.5622 2.0329 3.72000 7.62589
11 33.8815 8.1011 2.1755 3.72375 8.14516
12 34.1933 9.0346 2.4463 3.69321 9.03756
13 34.2822 9.3190 2.5274 3.68712 9.31422
14 34.5565 10.1423 2.7700 3.66152 10.10577
15 34.7269 10.6582 2.9324 3.63461 10.61372
16 35.0443 11.6255 3.2158 3.61507 11.54704
17 35.1366 11.8947 3.3005 3.60395 11.80856
18 35.4501 12.8250 3:5952 3.56727 12.72009
19 35.5482 13.1082 3.6779 3.56406 12.98788
20 35.8624 14.0404 3.9628 3.54304 13.89081
21 35.9605 14.3456 4.0645 3.52950 14.19958
22 36.2644 15.1482 4.3673 3.46856 15.00109
23 36.5874 16.1117 4.6859 3.43831 15.96024
24 36.6822 16.4049 4.7880 3.42624 16.26072
25 37.0129 17.3343 5.1091 3.39283 17.18050
26 37.2133 17.8726 5.2996 3.37242 17.70893
27 37.5417 18.8093 5.6429 3.33326 18.66052
28 37.7327 19.3611 5.8309 3.32042 19.20932
29 38.0626 20.3197 6.1655 3.29569 20.17263
30 38.1555 20.5870 6.2544 3.29161 20.43589
31 38.4782 21.4952 6.5731 3.27020 21.34005
32 38.7862 22.3286 6.9103 3.23121 22.20268
33 39.0949 23.2742 7.2379 3.21559 23.16722
34 39.2932 23.8701 7.4288 3.21321 23.75565
35 39.6027 24.8524 7.7463 3.20830 24.74598
36 39.7113 25.1059 7.8690 3.19049 25.01357
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Step ﬁﬂ; mm ] H,; mm l H,; mm Cup height ratio; R J Real stroke; S,

0 31.75 0 0 0 0

1 31.7568 0.4809 0.4478 1.07398 0.92186
2 31.7832 0.9361 0.5001 1.87163 1.40301
3 31.9974 1.9952 0.6032 3.30762 2.35100
4 32.2960 3.0679 0.7705 3.98174 3.29233
5 32.4735 3.6496 0.8701 4.19460 3.79622
6 32.7721 4.6528 1.0906 4.26637 4.72130
7] 32.9281 5.1548 1.2057 4.27553 5.18240
8 33.2276 6.1304 1.4522 4.22159 6.10498
9 33.3052 6.3899 1.5158 4.21550 6.35050
10 33.6044 7.3534 1.7820 4.12642 7.28098
11 33.7741 7.9143 1.9157 4.13128 7.80589
12 34.0236 8.6804 2,1393 4.05765 8.54602
13 34.3357 9.6288 2.3984 4.01473 9.44147
14 34.5101 10.1874 2.5536 3.98941 9.98091
15 34.8294 11.1627 2.8121 3.96954 10.89539
16 34.7897 11.6222 2.9757 3.90568 11.55822
17 35.3030 12.6175 3.2327 3.90311 12.29718
18 35.3956 12.8883 3.3341 3.86562 12.57678
19 35.7132 13.8329 3.6214 3.81977 13.49110
20 35.9016 14.3687 3.8026 3.77865 14.01970
21 36.2237 15.3371 4.0878 3.75194 1495118
22 36.3228 15.6315 4.2041 3.71813 15.26283
23 36.6499 16.5332 4.5130 3.66349 16.14627
24 36.8373 17.0702 4.7034 3.62934 16.68629
25 37.1697 18.0403 4.9932 3.61296 17.61382
26 37.4496 18.8943 5.2958 3.56780 18.49049
27 37.7718 19.8431 5.6241 3.52822 19.44541
28 37.9646 20.4161 5.8235 3.50580 20.02502
29 38.2915 21.3037 6.1357 3.47207 20.89793
30 38.4806 21.8903 6.3515 3.44649 21.51118
31 38.8014 22.7878 6.6815 3.41059 22.41788
32 38.9010 23.0658 6.7516 3.41636 22.66637
33 39.2201 24.0903 7.0666 3.40904 23.68680
34 39.3174 24.3498 7.1942 3.38462 23.97664
35 39.4362 24.6898 7.2960 3.38404 24.29955
36 39.7358 25.6145 7.6085 3.36655 25.23723
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AuUsLanIANUFTIANILNIND 0.20 N1 1A91NA1T31804 Finite Element Simulation

Step H; mm H; mm H,; mm Cup height ratio; R Real stroke; S,

0 31.75 0 0 0 0

1 31.7564 0.4846 0.4554 1.06400 0.93357
2 31.8890 1.6433 0.5101 3.22182 2.01439
3 32.0012 2.1854 0.5239 4.17107 245812
& 32.3019 3.2863 0.6779 4.84795 3.41223
5 32.4710 3.8765 0.7699 5.03493 3.92540
6 32.7661 4.8841 0.9578 5.09930 4.82574
7 32.8552 5.1619 1.0110 5.10559 5.06767
8 33.1555 6.1774 1.2369 4.99412 6.00887
9 33.2334 6.4177 1.3037 4.92267 6.23798
10 33.5228 7.3911 1.5436 4.78835 7.16180
11 33.6032 7.6740 1.6122 4.76006 7.43299
12 33.9038 8.6437 1.8546 4.66060 8.34458
13 33.9871 8.9245 1.9241 4.63834 8.61146
14 34.2953 9.8952 2.1718 4.55619 9.52175
15 34.3821 10.1077 2.2421 4.50824 9.71765
16 34.6926 11.1321 2.4993 4.45407 10.68881
17 34.7774 11.3867 2.5685 4.43316 10.92783
18 35.0946 12.3366 2.8302 4.35885 11.82224
19 35:2712 12.8690 2.9924 4.30060 12.34017
20 35.5860 13.8415 3.2644 4.24014 13.26990
21 35.6792 14.0980 3.3508 4.20740 13.51956
22 36.0036 15.0349 3.6361 4.13489 14.41741
23 36.0936 15.3260 3.7247 4.11469 14.70710
24 36.4191 16.2552 4.0187 4.04491 15.60478
25 36.5137 16.5798 4.1014 4.04251 15.91746
26 36.8433 17.4827 4.4266 3.94948 16.81598
27 37.0342 18.0575 4.6015 3.92425 17.37482
28 37.3593 18.9383 4.8900 3.87288 18.21898
29 37.6316 19.8981 5.1729 3.84662 19.18938
30 37.9575 20.7980 5.5073 3.77644 20.09780
31 38.1541 21.3381 5.6866 3.75238 20.62055
32 38.4667 22.3106 6.0095 3.71254 21.60342
33 38.6625 22.8676 6.2114 3.68158 22.16646
34 38.9821 23.8252 6.5363 3.64509 23.12935
35 39.1707 24.4012 6.7191 3.63164 23.69955
36 39.4914 25.3365 7.0211 3.60862 24.61620
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NsEANTANUTIANILNIND 0.57 71 1A91NN1551904 Finite Element Simulation

Step H; mm H; mm H,; mm Cup height ratio; R Real stroke; S,

0 31.75 0 0 0 0

1 31.7561 0.5107 0.4175 1.22335 0.92213
2 31.8381 1.7360 0.4451 3.90000 2.09308
3 31.9087 2.3091 0.4612 5.00669 2.61159
4 31.9772 2.7601 0.4850 5.69131 3.01786
5 32.2020 3.8882 0.5974 6.50823 4.03358
6 32.4577 4.9193 0.7460 6.59454 4.95751
7 325816 5.2028 0.8377 6.21085 5.25894
8 32.7864 6.2179 1.0642 5.84297 6.24562
9 32.8420 6.4790 1.1182 5.79431 6.50519
10 33.0953 7.4869 1.3463 5.56111 7.48786
11 33.1600 7.7640 1.4136 5.49234 7.76763
12 33.4080 8.7256 1.6463 5.30018 8.71393
13 33.4775 9.0108 1.7109 5.26666 8.99419
14 33.7139 10.0208 1.9297 5.19299 9.98658
15 33.7789 10.3028 2.0042 5.14071 10.27806
16 34.0156 11.3205 2.2411 5.05127 11.29602
17 34.0821 11.5851 23152 5.00397 11.56818
18 34.3206 12.5685 2.5538 4.92151 12.55169
19 34.3791 12.8832 2.6334 4.89230 12.88746
20 34.6106 13.8870 2.8748 4.83055 13.90123
21 34.7447 14.3745 3.0020 4.78824 14.38184
22 34.9838 15.3296 3.2713 4.68605 15.36713
23 35.1167 15:9379 3.4418 4.63074 16.01296
24 35.3619 16.9189 3.6966 4.57688 17.00360
25 35.5045 17.5391 3.8676 4.53490 17.65218
26 35.7459 18.4251 4.1292 4.46218 18.55837
27 35.8807 19.0133 4.2829 4.43938 19.16547
28 36.1317 20.0053 4.5562 4.39081 20.17978
29 36.2037 20.3058 4.6536 4.36344 20.50572
30 36.4482 21.2417 4.9167 4.32031 21.46021
31 36.5924 21.7967 5.0914 4.28109 22.04569
32 36.8438 22.7888 5.3849 423198 23.07990
33 36.9912 23.3576 5.5599 4.20108 23.67630
34 37.2328 24.3022 5.8450 4.15775 24.66444
35 37.3035 24.6550 5.9363 4.15327 25.03779
36 37.4381 25.1476 6.0697 4.14312 25.52923
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Ring compression test Lii¥ Double cup extrusion test
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@

4 \ A { Qy QI
A15199 2.1 LA NIANNFUNUNAINTNATOU Ring compression test

N’g No.1 13.51 14.09 13.848 4.96 4.96 4.960 12,772 | 53.119
;D No.2 13.60 14.32 12.91 14.43 13.815 5.09 5.11 5.100 | 12976 ¢ 51,796
g No.3 12.92 14.78 14.04 13.76 13.875 5.04 5.02 5.030 | 12.598 | 52.457
% No.4 13.62 13.95 13.11 12.98 13.415 5.09 5.05 5.070 | 15.496 | 52.079
& No.5 13.67 13.71 13.22 13.19 | 13.448 4.99 5.02 5.005 | 15291 | 52.694
':EB No.l 15.58 15.61 15.48 15:52 15.548 4.98 4.98 4.980 2063 | 52930
g No.2 15.69 15.55 15.45 15.42 15.528 5.04 5.03 5.035 2.189 | 52410
§ . No3 15.2 15.37 15.11 15.15 15.208 5.02 5.03 5.025 4205 | 52.505
g No.4 15.1 15.53 15.16 15.65 15.360 5 4.99 4.995 3244 | 52.788
g No.5 15.62 14.89 15.45 15.39 15.338 5.01 5.01 5.010 3.386 | 52.647
“'\éﬂ No.1 15.37 15.34 15.46 15.25 15.355 4.96 4.96 4.960 3276 | 53.119
g No.2 14.97 15.58 15.2 15.48 15.308 4.96 497 4.965 351 | 3072
E No.3 15.22 15.58 16.15 15:25 15.550 4.96 4.97 4.965 2.047 | 53.072
E No.4 15.57 15.21 15.16 15.79 15.433 4.97 4.98 4.975 2787 | 52977
Eg No.5 15.69 15.26 15:19 15.41 15.388 4.96 4.97 4.965 3.071 53.072
g No.l 15.67 15.72 15.93 15.85 15.793 4.95 4.96 4.955 0.520 | 53.166
g No.2 15.43 16.07 15.3 15.23 15.508 4.95 4.96 4.955 2315 1 53166
g No.3 15.21 15.61 15.62 15.44 | 15.470 4.95 493 4.940 2.551 53.308
E No.4 15.97 15.61 15.24 15.31 15.533 4.95 4.96 4.955 2.157 | 53.166
ZE No.5 16.13 15.66 15.19 15:59 15.643 4.97 4.97 4.970 1.465 | 53.025
E No.l 1571 16.63 15.69 16.23 16.065 4.99 4.99 4990 | -1.197 | 52.836
g No.2 115:55 16.55 15.55 16.60 | 16.063 5.01 5.02 5.015 | -1181 | 52,599
g No.3 16.37 15.50 16.76 15.51 16.035 4.99 5.01 5.000 | -1.008 | 52.741
E No.4 15.70 16.30 15.65 16.47 16.030 5.03 5.02 5.025 -0.976 | 52.505
EE No.5 17.00 15.36 15.89 15.87 16.030 4.99 4.99 4990 | -0.976 | 52.836
'\E No.l 16.47 15.92 16.12 16.3 16.203 4.96 4.96 4960 | -2.063 | 53.119
g No.2 16.37 15.74 15.62 16.29 16.005 4.96 4.95 4.955 -0.819 | 53.166
'g No.3 16.81 16.16 15.91 16.42 16.325 4.96 4.95 4955 | -2.835 | 53.166
E No.4 15.91 16.16 16.19 16.21 16.118 4.94 4.95 4945 | -1.528 | 53.261
< No.5 16.5 16.23 15.79 15.91 16.108 493 4.93 4930 | -1.465 | 53.403
h.’é No.I 16.89 16.85 16.22 16.19 16.538 5.11 5.11 5.110 | -4.173 | 51.701
;D No.2 17.18 17.02 16.51 16.44 | 16.788 5.09 5.12 5.105 -5.748 | 51.749
% No.3 16.63 16.68 16.20 16.03 16.385 4.95 4.95 4950 | -3213 | 53214
'g- No.4 16.61 16.96 16.00 16.13 16.425 4.95 4.96 4.955 | -3.465 | 53.166
‘% No.5 16.99 17.27 16.42 16.39 16.768 4.97 4.97 4970 | -5.622 | 53.025




M9 2.2 LAAIAINT N

3

f

Y
NFUNUNAINITINATDU Double cup extrusion test
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H’g No.1 38.78 39.46 39.12 24.11 23.44 23.78 6.94 7.38 716 3.321 | 23.565
g No.2 39.64 39.20 39.42 23.82 23.74 23.78 7.27 7.02 7.15 3.328 | 23.255
E} No.3 38.92 38.32 38.62 22.83 23.62 2323 7.46 7.04 725 3.203 | 23.605
.—g No.4 38.58 39.26 38.92 23.93 23.11 235 7.08 6.93 7.01 3358 ¢ 23385
2 No.5 39.59 38.54 39.07 24.42 23.70 24.06 7.51 6.69 7.10 3.389 | 23.845
EA No.l 38.76 39.13 38.95 22.80 22.72 2276 7.77 7.86 7.82 2.912 | 23.380
'g- No.2 39.16 38.88 39.02 22.58 22.46 22.52 8.42 8.26 8.34 2.700 | 23.590
E No.3 38.40 38.64 38.52 2232 22.37 2235 7.88 8.00 7.94 2.814 | 23515
é N0.4 38.78 38.84 38.81 22.79 22.76 22.78 7.90 7.75 7.83 2911 | 23.540
é No.5 38.68 38.48 38.58 22.52 22.41 2247 8.00 7.89 7.95 2.828 | 23.580
g No.l 38.47 39.14 38.81 23.06 22.82 22.94 7.83 7.91 7.87 2915 | 237955
\::; No.2 38.93 38.13 38.53 22.06 2212 22.09 7.80 8.20 8.00 2.761 23.310
g No.3 37.98 37.84 37.91 21.50 21.48 21.49 8.51 8.00 8.26 2.603 | 23.585
E No.4 37.96 38.14 38.05 22.00 21.98 21.99 8.03 8.35 8.19 2.685 | 23.880
§ No.5 38.14 38.45 38.30 22.29 22.20 2225 7.92 8.20 8.06 2.760 | 23.760
“‘E No.1 38.25 38.65 38.45 21.52 21.59 21.56 8.44 8.68 8.56 2.518 | 23415
§ No.2 38.33 38.48 38.41 21.29 21.55 21.42 8.71 8.65 8.68 2.468 | 23.445
g No.3 38.19 38.76 38.48 22.14 22.39 2227 7.90 8.26 8.08 2.756 | 23.620
E No.4 38.35 38.63 38.49 22.40 22.10 2225 8.17 8.27 8.22 2707 | 23.730
EE No.S 38.56 38.85 38.71 22.64 22.73 22.69 8.15 8.54 8.35 2.718 | 24.075
E No.l 38.63 38.95 38.79 21.68 21.70 21.69 8.78 8.82 8.80 ,2.465 23.450
5 No.2 39.15 38.91 39.03 22.35 22.39 2231 8.28 8.09 8.19 2.733 | 23275
g No.3 39.21 38.94 39.08 22.19 22.28 22.24 8.80 8.05 8.43 2.639 | 23.335
E No.4 38.78 39.07 38.93 21.48 21.47 21.48 9.13 8.82 8.98 2393 | 923975
§ No.5 38.97 39.53 39.25 22.08 21.97 22.03 8.17 8.84 8.51 2.590 | 23.030
'\E No.l 38.96 38.76 38.86 21.40 21.35 21.38 9.26 9.23 9.25 2.312 | 23510
5 No.2 39.01 38.99 39.00 21.28 21.36 21.32 9.13 8.97 9.05 2.356 | 23.120
ié No.3 39.31 39.04 39.18 21.26 21.28 21.27 9.24 9.20 9.22 2.307 | 23.065
E No.4 39.39 39.30 39.35 22.19 22.07 22.13 8.83 8.89 8.86 2.498 | 23.395
:tg No.5 38.94 38.98 38.96 21.36 21.26 2131 8.91 9.01 8.96 2.378 | 23.060
NE No.l 38.87 38.75 38.81 21.2 21.14 21.17 8.82 8.77 8.80 2.407 | 22.905
g No.2 38.79 38.66 38.73 21.41 21.6 21.51 8.58 8.69 8.64 2.490 | 23.165
f:; No.3 38.68 38.61 38.65 20.91 21.18 21.05 8.32 8.61 8.47 2.486 | 22.615
%- No.4 38.69 38.45 38.57 20.56 20.41 20.49 8.98 9.22 9.10 2.251 22.765
& No.5 38.8 38.89 38.85 22.24 22.17 22.21 8.26 8.31 829 2.680 | 23.395




$ Al % a Qd d‘
MIN 2.3 uaasiiduiszAnsanudsanui 1d1nn1snaaey Ring compression test

Coating weight of

The friction coefficient of Ring compression test; p

Lubricant
metal $0ap ®M) | No.1 | No.2 | No.3 | No.4 | No.5 | Average
lubricant- Non 0.00 0.1780 | 0.1850 | 0.1660 | 0.1590 | 0.1530 | 0.1682
. 0.88 0.0880 | 0.0891 | 0.0909 | 0.0920 | 0.0965 | 0.0913
=)
E . 1.71 0.0912 | 0.0910 | 0.0900 | 0.0890 | 0.0894 | 0.0901
§ ‘§ 1.80 0.0895 | 0.0890 | 0.0893 | 0.0850 | 0.0810 | 0.0868
£
é 2.07 0.0790 | 0.0790 | 0.0760 | 0.0760 | 0.0770 | 0.0770
o]
2 5.92 0.0785 | 0.0760 | 0.0750 | 0.0746 | 0.0720 | 0.0752
Soap phosphate coating 0.73 0.0650 | 0.0660 | 0.0700 | 0.0705 | 0.0710 | 0.0685

M99 0.4 ueraamdulseansanu@sanui 1d11nnInaTo Double cup extrusion test

Coating weight of

The friction coefficient of Double cup extrusion test; p

Lubricant
metal soap (g/m’) No. 1 No. 2 No. 3 No. 4 No.5 | Average
lubricant= Non 0.00 0.1500 | 0.1200 | 0.1260 | 0.1285 | 0.1330 | 0.1320
o 1.07 0.0850 | 0.0850 | 0.0798 | 0.0789 | 0.0707 | 0.0799
E 1.61 0.0700 | 0.0701 | 0.0746 | 0.0757 | 0.0850 | 0.0750
E on
g :;; 1.89 0.0596 | 0.0609 | 0.0750 | 0.0710 | 0.0720 | 0.0680
éi 2.55 0.0725 | 0.0682 | 0.0639 | 0.0597 | 0.0568 | 0.0642
o
” 5.30 0.0600 | 0.0560 | 0.0550 | 0.0538 | 0.0529 | 0.0555
Soap phosphate coating 0.80 0.0505 | 0.0570 | 0.0590 | 0.0597 | 0.0600 | 0.0572
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extrusion test N 1921IAT 04 Scaning Electron Microscope (SEM)
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1.thickness~Opm 2.thickness~Opm | , 3.thickness~Opm

15KV X1000  10pm 16 43 SEI 18KV 2 ‘ 15KV, X1000  fopm 1643 8Bl

Y RN AT T WA TATAVAAD VAVAN S "o ¥ T4 VALY ATV
PSRRI nnvszvvge?'né%"
X PP AL A I PN
PP DITLANCTERE

= =

=
2K

SIS &
VaVaViva¥srgr. o
WAAAAZZSIZ PAN.

15kV | X1,000 10pm 2143 SEI

Initial thickness ~ 11.275 pm

717 2.1 nanInNUNUIYBIMIHADAUNAIHMLIA1Y NAINMINATOL Ring compression test

494 PO,-soap (Coating weight of metal soap = 0.73 g/mz) n1AnnAT0q Scaning

Electron Microscope (SEM) ATIN 1

WD14mm X1,000  10pm  =— v 0 34Pa  x1,000 10um
26 May 2011

2.thickness~Opm

\T4TAVA YU AW FATVAVANAD UAVANS " ¥ 4V
A A 4
A
STy,
AV e -

CARZRSRSES

. PRI
R AT SIS
VaVaTA VvV, AV VA A W Vo WUV 1174
PANViVAYAYA e NP S AV ATo NAVATATSTAN A VA s

15kV. X1,000  10pm 2143 SEI

Initial thickness ~ 11.275 pm

51U 9.2 HAAIAUNUIVDINITNADAUTALNMLUIAIIT NAINTNATD Ring compression test

v99 PO,-soap (Coating weight of metal soap = 0.73 g/mz) INCERRIGERR Scaning

Y
v A

Electron Microscope (SEM) AT3%



124

1.thickness~9.35pm 2.thickness~Opm 3.thickness~5.25um

16kV  X1,000  10pm 2143 SEI 15kV. . X1,000 173;;1 3 15kV. . X1,000  10pm \ 2143 SEl

VYAV AW FATAVAYAS Vo AR S AACAVATATAVA Y
““"r.mmm?’AV}“ oY ”Ah 4.
A s
e,

ORI
AN AL
XSO SPAVAVA AV vavara WiV
ZaAVYaa ‘wvf&mvmnmnumrmmm

R

X1,000  Topm

Initial thickness ~ 13.725 um

31N 2.3 HanInNUMIYEIMINADALTNAINUAIY HAIN1TNATDY Ring compression test

YB39 AlF-soap (Coating weight of metal soap = 0.88 /m’) n'ldnnnseq Scaning
g

v
@

Electron Microscope (SEM) A59N 1

Resin

1.thickness~5.05pm ‘ 2.thickness~Opum 3.thickness~3.40pm

156V X1000 10pm 2550 SEI 0 oy 15KV X1,000  104m 24 50 SE1

RS DSBS RR
] 27 PN wﬂ"‘u-mv}l
A
' SEA
<

K2
ﬂf “'

AT,
i N"VAVAVAV‘VA "; A=

U

Qw.nw;wmumvm"ma A

1,000 fopm -5 2¥50%E

Initial thickness ~ 13.725 pm

ﬂﬁ .4 uﬁmmmwuwmmswaaauwmtmmmm NAIMINATDY Ring compression test
UD3 AlF-soap (Coating weight of metal soap = 0.88 g/mz) NCERGTGERE Scaning

Electron Microscope (SEM) ATaN 2
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1.thickness~4.82um 2.thickness~0pum || |3.thickness~3.45 pm

15KV X1,000  10pm 25 50 SEI LA5KV. . X1,000  dopm 25 50 SEI 15KV X1,000  10pm 2343 SEI

FACAVAD VAV AR "o o A VACAVATATO V|
e pitS
A AN A !

7
o
2

28 SN
¥ > A T TS
S . AN
AN g DA AEAAACEH
B S o e PR AN IR T AR DR

=
avaY)

-

SkV... 10pm

Initial thickness ~ 13.725 pm

31U 2.5 ueasnnuMIYe IS AR AUNAIMLA19 MAININATE Ring compression test

YD AlF-soap (Coating weight of metal soap = 0.88 g/mz) n1anninIea Scaning
P

Electron Microscope (SEM) 7547 3

x1,000  10pm BEC 20kV  WD12mm x1,000  10p
. 23 Mar 2011

T
SR
>

e
r S o S
.»‘A‘-_."':‘._‘A et
S

AT AVAAD VAN "o A KVATATA
Z e

9 e A
2 FaTa ANy

{

-‘,'l‘
e o LS
A o RTINS Vxﬁmér‘i-m K2 S s 2
S e NN XA T AR DN Y S R e A

Initial thickness ~ 16.82 um

3N 2.6 uansnNUMINYDIMTHADAUNAIIMUIAI9Y NAININATDY Ring compression test

YD AlF-soap (Coating weight of metal soap = 2.07 g/mz) UNCRRGIGELE Scaning

Electron Microscope (SEM) A39N 1
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Resin

x1,000  10um
Sample

23 Mar 2011

;YA TV A VA AR AN TAVAN b ANATAATATTATL

RS 520
e AN e i
RS |\ Ok

e i e A ey S oA
P R A L A S 1
e s v P A 235 e 1y
WAVELY 2 e Vil VAV ANV 3
KA ARZNAANNA

SR

e SR e R

Initial thickness ~ 16.82 um

3UN 9.7 1AAINUNIVBITNTHABAUNA MU NAIN1INATOY Ring compression test

YD3 AlF-soap (Coating weight of metal soap = 2.07 g/mz) 7'149171A5 049 Scanin
p g

v v
v A

Electron Microscope (SEM) A59%

1.thickness~10.25um

vV WOtmm X1,000 [— B v WD13mm

10um
26 May 201
26 May 2011 2843y 2011

ANy VA OV Vb PAVAN RS VAV b g ¥ “ANAVAVA AN VA D1 s

N A rfnuvgg s

R P AN PO
i

ey ‘ e " 74PN
b S D o\ AV
o S S o e AN
R ) Sy e PN AAAANZNA

Initial thickness ~ 16.82 um

3UN 2.8 1AAINNUMIVOINIHADAUNA MUY NAINTNANDY Ring compression test

UD9 AlF-soap (Coating weight of metal soap = 2.07 g/mz) NCERGTGELE Scaning

Electron Microscope (SEM) A3 an3
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Resin |

§ 1.thickness~13.68um 2.thickness~6.88pum 3.thickness~8.68um f

15KV X1,000 10pm 18 50 SEI 15kV. X1,000 10pm 18 50 SEI 5KV X1,000 0 fopm 2450 SE1

T e o R T s T VAT 4Tl AN A VAVATAD VAT
e e e
e N
TS et [

. TN

S A =
N A W = Tatans A AT
e e s\ D N A e A -,
e RO OB AT A it P S R e
T RS S ey 50 AR I AT o T ATATANATA I MM P St e s 2

18kV X1,000 10pm 2350 SEL "

Initial thickness ~ 22.40 pm

51 2.9 LaAIRNUNIVOINTHADAUNA NG NAININAADY Ring compression test

U049 AlF-soap (Coating weight of metal soap = 5.92 g/mz) NCRRRIGERN Scaning

v v
v A

Electron Microscope (SEM) 33N

Resin

KBTS BEC 20KV  WD15mm SS50 27Pa  x1,000  10um

Sample 22 Mar 2011

\TaTAVA VAW PAVAVAVAD VAV AN "o 5¥ A ANAVAVAIAYA VY
R L o)
SRACIIDTITER

AT Z
v R
AT AN AV v A e AN AR ik
ViV VaVAVAY, e P AVEAVA Ta VbV VANV 374 3,8 5%
1 VAT VAVaTAvaN v P XV ATA N VAVA AN AV T ANy B

15KV X4,000° 40pm 2350 SEl

Initial thickness ~ 22.40 pm

717 2.10 ueAIANUMIIVDIMTHADAUNAMNUIAIGY HAINTNATDY Ring compression test
U949 AlF-soap (Coating weight of metal soap = 5.92 g/mz) NGRRGIGEGN Scaning

Electron Microscope (SEM) A3an 2
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Resin

Aluminum

0kV  WD15mm SS50 27Pa 1,000 ] W J 30Pa 1,000

BEC 20KV WD12mm 30Pa  x1,000  10um
Sample

Sample 23 Mar 2011

P Av.vn"umr‘nmms q 4N A
b8 P VA VA W "
Wi «.9-» Pava) -aw& )

0 A
pu By

h%.v 2=
£ ‘."3.

AR ""5“‘ 5
AV,
Wr‘uﬁ "‘ﬁg}‘

i 3
ay ﬂ;ﬁm‘nﬁﬂ'aﬂ"h'ih A

15KV %X1,000° 10um 2EE0SEl "

Initial thickness ~ 22.40 pm

ﬂﬁ .11 Llﬁﬂ\‘]ﬂ'ﬂilﬁu'l“llﬂﬂﬁ']ﬁﬁﬁ@ﬁuﬂ@nuﬂu@ﬂ'lﬁﬂ ﬂﬁﬁﬂ?ﬁ‘ﬂﬂﬁﬂﬂ Ring compression test
U89 AlF-soap (Coating weight of metal soap = 5.92 g/mz) NGRRGIGEGN Scaning

Electron Microscope (SEM) AgaN 3



Resin Aluminum

9.thickness~0um

2143 SEI

8.thickness~Opm

15kV 2143 SEI

7.thickness~0pum

2143 SEI

6.thickness~Opm

15kV ~X1,000 19 43 SEI

10.thickness~7.8um

15KV, X1,000  1bym . 2250 E1 |

Initial thickness ~ 14.825 pm

\4

11.thickness~12.35pm

129

Aluminum fluoride coating

Aluminum T Resin
s =~ A ~
- s ¥

1.thickness~5.92um

15KV X1,000 fopmoig . 2143 SEI

2.thickness~0pm

18KV X1,000 2143 SEI ~

3.thickness~3.08pum

T
45kV. . X1,000 10@1

4.thickness~0pm

1BKVL . X1,000 10pg

5.thickness~3.88um

15KV, X1,000  10fm

71 2.12 uanInNUHIVDINTHADAUNAUINIIAII9 MAINIINATDY Double cup extrusion

test Y99 AlF-soap (Coating weight of metal soap =1.07 g/mz) 1'142171A3 09 Scaning

Electron Microscope (SEM) AgaN 1
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Aluminum fluoride coating

Resin Aluminum Aluminum T Resin

15KV X1000  foum

Initial thickness ~ 14.825 pm

7.thickness~Opm

| 6.thickness~Oum

15 %00 d0pm AAmSEL ' %1,000F oL L Wsoser 15KV X1.000  10um

314 9.13 uerasnNunIVBITITNABAUNA LM IA199) AINTNATOU Double cup extrusion
test Y99 AlF-soap (Coating weight of metal soap = 1.07 g/mz) n'1annnTeq Scaning

£ v
Electron Microscope (SEM) A7 2
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Aluminum fluoride coating
Resin Aluminum Aluminum 1‘ Resin

A A A
s ~ -~ — s ~ N —

1.thickness~6.4pm

@ z o et
BEC 20kV  WD12mm 5 1,000 10pm  — - ¢ BEC 20kV  WD12mm ] x1,000  10pm
Sample 22 Mar 2011 : Sanip 22 Mar 2011

Initial thickness ~ 14.825 pm

2.thickness~4.1 pm

WD11mm S5 50Pa — ; T BLC 20kV  WD15mm  SS50 3l 1,000 10pm  —
22 Mar 2011 . » sample 26 May 2011

3.thickness~1.85pm

e 4 . Y
BEC 20kV  WD13mm o x1,000  10pm  — e o BEC 20kV  WD1d4mm x1,000  10pm
Sample 2 sample 26 May 2011

6.thickness~Opm 4.thickness~1.35um

BEC 20kV  WD14mm x1,000  10pum  — JEC 20kV  WD12mm SS50 60Pa x1,000 10pm
Sample 26 May 2011 semple 22 Mar 2011

5.thickness~3.75um |

BEC 20kV 30Pa x1,000  10pm  — 3 5 S550 30Pa  x1,000 10um — e 2 60Pa  x1,000 10pm  —
Sample 26 May 2011 s 26 May 2011 g 22 Mar 2011

51 9.14 uarasnNUIVRIMINADAUNALMIAINY MAINTNATDY Double cup extrusion
test U9 AlF-soap (Coating weight of metal soap = 1.07 g/mz) NCRRGTGERE Scaning

¥y
Electron Microscope (SEM) 33N 3



18kv - X1.000  10unt

18K X1,000 1bpm

16KV X1,000  A0um

16kV. X1,000  f0pm

10.thickness~9.82um

15kV  X1,000  10pm

9.thickness~Opm

2350 SEl

8.thickness~0pm

¢ 2350 Sk

7.thickness~0pm

23 50 SEI

6.thickness~Opm

23 50 SEi

17 43 SEI

LIBKVS - X1.000

Initial thickness ~ 19.225 um

40pum

15kV ¢ X1,000

10pm

1.thickness~7.58pum

3.thickness~3.75um

15KV X1:000  10pm

4.thickness~2.2um

5.thickness~4.72pm

132

1450 SEI i

310 9.15 uaAInUIVEIN T HADAUNAUINYIA1IG NAINTNAADY Double cup extrusion

test YD AlF-soap (Coating weight of metal soap = 2.55 g/mz) n'1dnnses Scaning

v ]
Electron Microscope (SEM) A33% 1
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Aluminum fluoride coating

Aluminum Resin Aluminum ¢ Resin

A A
— ~ - A =y A ~

1.thickness~6.52um |

15KV X1,000  topm f - st gl L x 10pm 235088 el 15KV X1,000  10um

Initial thickness ~ 19.225 pm

4 7.thickness~Opm

15kV. X1.000 1opm 2150 SEJ

d 6.thickness~Opm

5kV  X1,000 10pm 21 503El v

10.thickness~10.58um . s 11.thickness~15.70pum

18KV X1,000  10pm 21 50 SEI 15KV X1,000 5 HOWA . gy 2350 SE| | kv x1000 f0pm

717 .16 uaAIANUMIIVOIANTHADAUNANNIIAIY HAINMINATOY Double cup extrusion
test Y99 AlF-soap (Coating weight of metal soap = 2.55 g/mz) n'ldnnnses Scaning

v ]
Electron Microscope (SEM) 599N 2



Resin Aluminum

9.thickness~Opm

2280881

Initial thickness ~ 19.225 um

8.thickness~Opm

19 43 SEI

X1,000 #90um

® 15Ky X1,000  1ounif

134

Aluminum fluoride coating

Aluminum Resin

ride coating

1.thickness~7.38um

15KV WD16mm x1,000  10p _—
22 Mar 2011

2.thickness~6.18um

BLC 20kV  WD13mm 2 10pm
sample 24 Mar 2011

3.thickness~3.65um

WD16mm 540 10pm  —

4.thickness~3.05um

SS50 60Pa  x1,000 10pm
22 Mar 2011

X1,000  10pm  S— c WD14mm  SS50
Sample 26 May 2011

WD1dmm x1,000  10pm
26 May 2011

3UN 217 aeannunIYeIMINADAUNA MUY HAIN1TNATOU Double cup extrusion

test YB3 AlF-soap (Coating weight of metal soap = 2.55 g/m’) 1'1A91N1A304 Scaning

Electron Microscope (SEM) 5 an 3
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Aluminum fluoride coating

Resin Aluminum Aluminum T Resin

s — —t— N ——

9.thickness~Opum

) e h § -
1554 1,000 10 23 50 SEI 5KV X1,000  tOpm 2250 SE 15KV X1.000

Initial thickness ~ 22.075 pm

8.thickness~Opm

&
10un 22 50 SEt L 15kV X‘! 400

7.thickness~0pm

23 50 SEI

6.thickness~0um

JeASKY - X1,000 i 22 50 SEI

Resin

15KV X1000 0pm o 2350El £ A X1,000 & 10pm . 2250 SEI

-

517 2.18 uanInNUMIIVEINTHADAUNANI A1 HAINMINATD Double cup extrusion
test Y04 AlF-soap (Coating weight of metal soap = 5.30 g/mz) n1anninses Scaning

£ '
Electron Microscope (SEM) A73 1



Resin Aluminum

vV WD13mm

™
BEC 20kV  WD12mm SS5

7.thickness~Opm

6.thickness~0um

18KV X1,000  10pm 24 50 SEI

10.thickness~10.88um

15KV, X1,000

16kV. - X1,000 10pm 22 80 SEl

Initial thickness ~ 22.075 pm
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Aluminum fluoride coating

Aluminum T Resin
~ o ~r - g ~

.thickness~7.92um [

18kV X1,000  10uniy 1550 5B 4

2.thickness~6.72pm

15KV | X1,000 16pm

3.thickness~4.68pm .

4.thickness~4.08um

18KV, X1,000  10pm 17 43 SE

3UM 2.19 1AAINNUHUIVOIANTHADAUNA UM UIA HAIN1TNAAD Double cup extrusion

test Y4 AlF-soap (Coating weight of metal soap = 5.30 g/m2) NCRRRIGERE Scaning

Y 4
Electron Microscope (SEM) A3dN 2
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Aluminum Resin

uoride coating

18KV X100 10um 22 50 SEI

Initial thickness ~ 22.075pum

1,000

15kV. . X1,000  10pm

Resin

3.thickness~4.25um |

x1,000  10pm

15KV, X1,000  10pim

4.thickness~3.58pum

50 30Pa  x1000  10pm

WD14mm 1 X1,000  10pm  =— WD12mm  SS50 30Pa x1,000 10um —
2 23 Mar 2011

71 9.20 uanIRNUMIVBITTHADAUNA NN A1 NAININATOY Double cup extrusion
test Y99 AlF-soap (Coating weight of metal soap = 5.30 g/mz) n'1anninses Scaning

Electron Microscope (SEM) Agan 3
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Aluminum Resin Aluminum Resin

A A A A

1.thickness~Opum

500 3 EC 20kV  WD14mm SS50 31Pa  x1000 10um = BEC 20kV  WD14mm 1000 10um —
1ok X1, 10pm 3 26 May 2011 26 May 2011

Initial thickness ~ 14.175 um

2.thickness~0pm

15KV X1000 10pm | o . P S it

3.thickness~0pm

BEC 20kV  WD13mm 0 31Pa  x1,000  10pm
26 May 2011

4.thickness~Opm

X1,000  10pm  —
26 May 2011

10.thickness~5.35um

. Resin

I = Phosphate

x1,000  10pm Vi E x1,000  10p

Sample

31 9.21 1A NUNUIVBITTHABAUNA NI HAINITNATOU Double cup extrusion
test Y09 PO,-soap (Coating weight of metal soap = 0.80 g/mz) NCRRGTCERE Scaning

Electron Microscope (SEM)
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¢d' a g o d%’ . .
Normal pressure mﬂﬂmummwmﬁmugﬂﬂummsmﬁau Ring compression test L

y {y ¥ ° ok b . .
Double cup extrusion test #'1A217N1591894 Finite Element Simulation



Normal pressure; MPa
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B = — -
500 R —
450 =
400
350 B
—@— Point 1
200 - R w—tp— Potnt 2
~—&—Point 3
250 ——f
—4— Point 4
200 - B E— _— - | =—e=Poimt5
~—&—Point 10
150
100 - —
50 \
0 —
0 1 2 3F 4 506 70 89 10, 11V 126314 15016217 18] 19 20 21 22 23 24 ‘28

Die stroke; mm

1, & 3 . 1]
3UM %.1 4aA3 Normal pressure ¥a27111153U31)U93 Double cup extrusion test 71 1A91NN13

9 . . . 4 A o a £ 1w
971999 Finite Element Simulation wmﬁuﬂizﬁmmm?wﬂmummn 0.0555

Normal pressure; MPa

550 —

11 S — —

450
400

350

300

250

200

150

100

50

0 1t 2 2 4 5 &€ 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 2§

Die stroke; mm

! o 2 . ]
3UM %.2 ua@s Normal pressure ¥a1z911139131)y83 Double cup extrusion test 1 1491015

o 8w 5 M d‘ T o a 4 = Vo
91804 Finite Element Simulation NA186U152aNTANUFIANIUNIND 0.0642
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Normal pressure; MPa

550 - .
500 E— — E— —
450
400
250 ~—f— Point 1
~——Point 2
300 ~—@— Point 3
250 —— Point 4
- ——Point 5
200 ——— — — | —&—Point 10
150
100 {1
50 ot
0 - -
0 1 2 3[4 S 6278 9 10-TH-1203% 1415 16 1718 19 20 21 22 23 24 25

Die stroke; mm

! 0 ] 4 !
3‘l.|ﬁ ¥.3 LLeYAY Normal pressure 'umzmmwugﬂﬂlm Double cup extrusion test 1danms

) 5 a g = 4 A 3 a .{ " W
$1a99 Finite Element Simulation NANdu1lszansanudsaniuminy 0.0799

Normal pressure; MPa

200 - — S =1

150

—m—Point 1
—a—Point 2

~—e—Point 2

100

50

0 0.5 1 1.5 2 2.5 3 3.5 4 45 5 5.5 6
Die stroke; mm

4 o 1 % . a °
gﬂﬁ %.4 LI¥AN Normal pressure mmzmmwugﬂmm Ring compression test N1dnmstians

4 1 qa = A 1 w
Finite Element Simulation NA1&u1/52ansaNudsan 1INy 0.0752
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Normal pressure; MPa

250 —

200 -

—@—Pomt 1

150

~—ae—Point 2

—e—Point 2

100 -

50 -+

—_— - T

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6

Die stroke; mm

A [ 3 N = P o
51l %.5 1@ Normal pressure ¥:z¥11139U31/¥03 Ring compression test 71 1A11AMI 11009

Finite Element Simulation NA1duszanianudsaniuminy 0.0770

Normal pressure; MPa

250

200

150

—m—Point 1

—o—Point 2

—e—Point }

100 -

50

— . — —— = —

0 0.5 1 15 2 2.5 3 3.5 4 4.5 5 5:5 6

Die stroke; mm

1 ° K1 . . 4 °
317 %.6 11AAS Normal pressure ¥z111n159131¥843 Ring compression test 71 14910139104

{1 o a £ a Y
Finite Element Simulation AadulszansanuasanIUmMING 0.0913
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d’ Q
MINN ¥.1 LAAINIUNUIVDN Soap aluminum fluoride HAINITNATDU Double cup extrusion

test N'1A1AAT D Scaning Electron Microscope (SEM)

144

Friction coefficient Friction coefficient Friction coefficient
(1=0.0799) }_ (1=0.0642) (1=0.0555)
Position . . 2 g 2
Coating weight 1.07 g/m Coating weight 2.55 g/m Coating weight 5.3 g/m

No.l‘l No.2 | No3 | Avg. | No.l i No2 | No3 | Avg. No.lﬁ No.2 | No.3 | Avg.
Rep.1 5.2 Seik 6.6 ST g 6.5 8.8 12.5 8.3 8.4
Rep.2 | 4.9 5.1 6.2 8.6 5.9 8.2 10.5 8 8.3

P.1 | Rep.3 6.9 4.3 6.3 5.758 7.8 7 6:3 7.158 13 8.2 8.5 9.492
Rep.4 6.7 4.7 6.5 8.2 6.7 6.2 12.4 7.2 8.6
Avg. | 593 | 4.95 | 6.40 7.58 | 6.53 | 7.38 12.1 | 7.93 | 845
Rep.1 5 4.8 3.8 7.3 4.9 7.4 7.8 6.7 8.2
Rep.2 5 3.8 53 59 4.8 6.8 8.1 6.2 8.4

P.2 | Rep.3 4.2 3.4 34 4.250 5.8 3.8 5.6 5.650 6.6 8 Sid 7.208
Rep.4 | 4.6 3.8 3.9 6.8 3.8 4.9 7.4 6 7.4
Avg. | 470 | 3.95 | 4.10 6.45 | 433 | 6.18 7.48 | 6.73 | 7.43
Rep.1 2.8 2.2 1.2 3 3 3.1 525 3.8 42
Rep.2 3 2.1 1.9 4.6 3.3 4.1 6.5 4.9 4.5

P.3 | Rep.3 3.4 2.5 2.9 2.358 3.9 2.9 34 3.552 7.1 4.4 4.4 4.992
Rep.4 3.1 2.8 1.4 2.8 35 4 5.1 5.6 39
Avg. | 3.08 | 2.15 | 1.85 3.75 | 3.26 | 3.65 6.05 | 4.68 | 4.25
Rep.1 0 1.4 1.1 1.7 24 3.6 4.4 3.6 33
Rep.2 0 2.1 1.8 233 2.6 3.1 4 4 34

P.4 | Rep.3 0 1.9 1=s 0.975 22 213 235 2.542 512 5 3.8 4.058
Rep.4 0 0.9 1 2.6 2.2 3 4.5 3.7 3.8
Avg. 0.00 | 1.58 | 1.35 2.20 | 2.38 | 3.05 4.53 | 4.08 | 3.58
Rep.1 4.3 34 3.3 4.5 4.1 3.9 6.5 5.1 5
Rep.2 | 3.9 3.1 3.9 4.5 3.6 4.2 5.5 4.5 53

P.5 | Rep.3 34 3 3.7 3.775 5.6 4 5 4.358 7.6 4.9 4.5 5.333
Rep.4 | 3.9 5.3 4.1 43 39 4.7 5.9 4.5 4.7
Avg. | 3.88 | 3.70 | 3.75 4.73 | 3.90 | 4.45 6.38 | 4.75 | 4.88
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M319N 9.1 (A1) LAAINNUNUIUBA Soap aluminum fluoride HEINITNATOU Double cup

extrusion test 71 1A91NIAT D Scaning Electron Microscope (SEM)

Friction coefficient Friction coefficient Friction coefficient
i "(p=0x0799) (1=0.0642) (1=0.0555)
Position : . s 2
Coating weight 1.07 g/m Coating weight 2.55 g/m Coating weight 5.3 g/m
Nol | No.2 | No3 | Avg. | No | No2 | No3 | Avg. | Noa | No2 | No3 | Ave
Rep.1 7.9 5.1 8.2 9.4 10.3 10 12 11.2 10.5
Rep.2 7.3 6.3 7.9 10.8 11 9.8 10.6 10.9 13.9

P.10 | Rep.3 | 8.1 6.5 8.3 7575 9.4 11.6 8 9.880 10.2 10 13.9 | 11.500

Rep4 | 7.9 8.7 8.7 947 9.4 9:2 13 114 | 104
Avg. | 7.80 | 6.65 | 8.28 9.83 | 1058 | 9.25 1145 | 10.88 | 12.18
Rep.l | 10.7 | 11.7 9.7 174 | 158 | 183 21.3 | 19.1 | 20.7
Rep.2 | 13.1 11.1 12.4 15.1 LS| 2159 206 | 19.7 | 19.2

P.11 | Rep3 | 134 | 133 | 10.8 | 11.775 | 17.1 | 16.7 | 143 | 16.283 | 18.5 | 19.4 19 19.950

Rep.4 | 122 | 11.6 | 11.3 144 | 146 | 18.1 21.8 | 19.2 | 20.9

Avg. 12.35 | 11.93 | 11.05 16.0 15.7 | 17.15 20.55 | 19.35 | 19.95
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r

A15190 F.2 LAAIANUHUIVD Soap aluminum fluoride naINIINATeY Ring compression test 171

1@91}’1)1ﬂmd§’t]\1 Scaning Electron Microscope (SEM)

Friction coefficient

(1=0.0913)

Friction coefficient Friction coefficient

(1=0.0770) (1=0.0752)

hpaie Coating weight 0.88 g/m2 , Coating weight 2.07 g/m2 Coating weight 5.92 g/m2
No.l ‘—1:1:.-2-1 No3 | Avg. | No.l | No.2 | No.3 | Avg. | No.l ! No.2 | No.3 | Avg.
Rep.1 8.8 5.7 5 13.1 10.8 9.5 14.1 134 | 123
Rep.2 10 4.7 5 13 10 9.9 129 | 147 | 12.1

P.1 |-Rep3 | 93 5.5 4.8 6.408 | 114 | 108 | 11.3 11.1 15 148 | 12.9 | 13.258

Rep.4 | 9.3 43 4.5 12 11.1 | 103 124 | 10.6 | 13.6
Avg. 9.35 | 5.05 | 4.83 12.38 | 10.68 | 10.25 13.68 | 13.38 | 12.73
Rep.1 0 0 0 5.8 6.1 4.7 6.3 6.8 6

Rep.2 0 0 0 4.1 49 54 549 6.3 6.9

P.2 | Rep.3 0 0 0 0 5.3 3.5 5.3 4.883 T3 5.9 55 6.483

Rep.4 0 0 0 3.3 4.9 5.6 8 52 6.1
Avg. 0 0 0 4.63 | 485 | 5.18 6.88 | 6.05 | 6.13
Rep.l1 | 5.3 3.8 34 5.1 4.8 4.5 9.8 8.2 8

Rep.2 | 5.8 3.3 3.4 5.8 6.1 6.3 8.4 92 8.6

P.3 | Rep.3 5 3.6 3:1 4.033 6.2 6.1 6 5.958 8 1.I.1 7.5 8.883

Rep.4 | 4.9 29 39 8.1 6.5 6 8.5 11:2 8.1

Avg. | 525 | 3.40 | 3.45 6.30 | 5.88 | 5.70 8.68 | 9.93 | 8.05




MANHIN T
Y 3 5 A o A 1a 4
A5 1WLLEA9AT Material ratio curve of the profile; Rmr(c) NMIAVUHNIVDILUNNUN NATDU
Double cup extrusion test N1AnnATeIAnNNNNIILED

(Surface Roughness Measuring Device)
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Modified Profile Die1 - Reanalysis Required 03/15/11 03:41:09 PM
Die1 - 5. 1mm/Kmutt/120i /U 03/11/11 12:34:49 PM

447 4

7 2

24 2

;
8 0§
g £

e

2y E2

3/ 3

R =

264 260 256 252  -248  -244 240  .236  -232  -228  -224

millimetres
0484
3308
0.8354_pim |Rmire) B0.81 % |Height (mean) 0,000 pm
07430 m

d' ~ 9 v a 1a a1 . ~ 9
31]7] .1 Llﬂﬂﬂﬂﬁ‘f\h’]‘lﬂ‘t)'lﬂﬂﬁ’mN’J‘U’ENLLZJ‘WNWﬂ?)uﬂﬁVlﬂﬁEJU Double cup extrusion test ‘Ylllﬂ

) Vv 13
NIATOIIANNNHEURD (Surface Roughness Measuring Device) A3 a1

Modified Profile Die31 - Reanalysis Required 0371511 03:09:15 PM
Die31 - 5. 1mm/Kmutt/120i /U 03/04/11 06:07:13 PM
3¢ k3
247 L
% v'
1 23
& //,/| ik ot o AL . 4 AN 2, & V.Y & ’:’a ©
5 0% xi‘" AR TR e Rl '“';J} L R . ERATA o -0 2
g2 Y B
247 ZE-2
5 7
o b
447 Zka
7 7
260 | 256 | -252 248 244 = .40 = 236 232 228 224  -220
milimetres
0570
18,7625
16476 pim|Rmi©Q) B64.37  %|Helahi{mean) G060 pm
079033 e

d' AN Y v A 1a Eal . Ay ¥
3‘1]‘" .2 !Lﬁﬂﬂﬂi'I‘V\hqvlﬂﬂWﬂﬂ"li'JﬂN'J‘i]ﬂ\ﬂllilWiJWﬂ@Hﬂ"lﬁ‘ﬂﬂﬁ@U Double cup extrusion test ‘V]llﬂ

' Vv 1
NATDIIAANUHUEIURD (Surface Roughness Measuring Device) Agan 2



Modified Profile

upper cup2-1_1 - Reanalysis Required
upper cup2-1_1 - 5. 1mm/Kmutt/120i /U

03/15/11 03:52:40 PM
03/11/11 01:42:35 PM

I o
g g
S S
E E

-3 k-3
7 ]
497 k-4
5 k-5
-256 -252 -248 =244 -240 -236 =232 -228 -224 -220 216
millimetres
= i Slope 0.500 i
) o1 fid
53 23,08 L_'BE 2471

}_ Rt 21810 ym [Rmi(c) 59.02 % [Height (mean) 0.000 pm

% 11425 pm} ‘7‘5”""|

1 |
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d' Ay v v a 1a o . Ay v
31]‘" .3 LLﬁﬂQﬂﬁ'WJ‘V]‘lﬂ‘lnﬂﬂ'li'JﬂW'J"U'ENLLiJ‘WﬂJW‘V]ﬂﬁBU Double cup extrusion test ‘Vl"lﬂ‘t]"lﬂ

51U o

U

IA3DIIANNUNIIVAD (Surface Roughness Measuring Device) 494 Soap aluminum

fluoride (Coating weight of metal soap = 1.07 g/mz) UIUN 1 ATIN 1

Modified Profile

center cup2-1_1 - Reanalysis Required
center cup2-1_1 - 5. 1mm/Kmutt/120i /U

03/15/11 03:49:39 PM
03/11/11 01:41:46 PM

microns

4

microns

2y N
3y Z3
437 F-4
350 346 342 338  -334 330  -326 322 318 . 314 310
millimetres
Sl 0 489
Ra n.ne’z’Tm‘L‘l’Ee
Rk 1 L —
R 10320 pm [Rmi(c) 5668 % |Height (mean) 0000  pm
i U RTTE i

Ay ¥ v A 1a o . Ay v
4 Llﬁﬂﬂﬂi'ﬁ'\l‘ﬂ.lﬂﬂ']ﬂﬂﬁ'lﬂW'J"U'E'NLLNW?JW‘VIGYGT@‘U Double cup extrusion test ‘Vlblﬂil']ﬂ

IA309IANMUNIVAD (Surface Roughness Measuring Device) Y94 Soap aluminum

fluoride (Coating weight of metal soap = 1.07 g/mz) VINUN 2 ATIN 1



Modified Profile lower cup2-1_1 - Reanalysis Required 03/15/11 03:46:32 PM
lower cup2-1_1 - 5. 1mm/Kmutt/120i /U 03/11/11 01:40:38 PM

4y -4

3 i

2y k2
g RE 7 R NV VO P Y A DU W U WP DR ST 0. NN VUt 7 0 2
g %le V'“’Y W wv‘v Laa" \” ’YW ’V'Wt"w Nl TP ‘Tvxwvv V;T u vv i Y\f\r-v-T wa g
E X -1 £

7
24 %2
y
3 =3
4% 4

404 400 396  -392 388  -384 380 376  -372 368  -364

millimetres
Slope 0482~
Ra 0.1158 pm
[Rok -1 2641 . 5 5568
Rt 11793y |Rrore) 57.23  %|Heigt (mean) 0,000 pm

Rz 08210 pm

150

4' PR 9 v a ra o . A Y
31]7] .5 LLfTﬂQﬂi'W\l‘ﬂ‘lﬂiﬂﬂﬂﬁ’JﬂN’J“U’t’Nl!ﬂJWiJ‘WVIﬂﬁ’e)‘U Double cup extrusion test ‘Vl"lﬂmﬂ

IA309IANNUNIIVAD (Surface Roughness Measuring Device) Y99 Soap aluminum

fluoride (Coating weight of metal soap = 1.07 g/mz) USUN 3 ATIN 1

Modified Profile upper cup2-1_22 - R/5x0.8mm/G/100/LS Line 03/15/11 03:55:45 PM
upper cup2-1_22 - 5. 1mm/Kmutt/120i /U 03/11/11 01:46:45 PM
7405
/ F00
+-0.5
w 10 o
+-20
F-25
/ --3.0
-35_ T T T T T T T ) T T o T T T T T T T T T I"“i-35
-214 =210 -206 -202 -19.8 -194 -19.0 -18.6 -18.2 -178 -174
milimetres
[ Slope 0565
R: 01336 ym
@ 6.4 [Rku 63 1984
Ri 3 6454_pm [Rmie) 5857 % |Heighl (mean) 6,000 _pm
Rz 13958 yim

‘:' AN Y v a 1a L4 , Ay ¥
31]7] .6 Llﬁﬂﬂf'l5"I‘V\|‘Vlvlﬂmﬂﬂ'li’JﬂN’J“U’ﬂxiLmWNWVlﬂﬁf)U Double cup extrusion test 'Vlhlﬂmﬂ

IATD9IANINNLIVAD (Surface Roughness Measuring Device) U84 Soap aluminum

fluoride (Coating weight of metal soap = 1.07 g/mz) YINUN 1 AN 2
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Modified Profile center cup2-1_2 - Reanalysis Required 03/15/11 03:50:42 PM
center cup2-1_2 - 5. 1mm/Kmutt/120i /U 03/11/11 01:45:09 PM

547 6

5 5

a- 4

337 =3
§ 9 2 g
2 | o] g g

1 | i 3

. (- P4
od Y. A [ § i i Ax 2 e I My 27 6
AR *T\/'i,»- M M R T A e
g f k4
2-’/ ’,:'--2
810 614 618 622 626 630 634 638 642 . 646 . 650
millnetres
En- o.@%ﬁ' o
(% BI04
: 5 2825_um | Rmie) 4090 % neight (mean) 0.000__pm
L8 IS m

~ Ay Y v a i e | Ay v
31“" .7 Lkﬁﬂﬂﬂi'W‘l'ﬂvlﬂﬂ1ﬂﬂ'li’JﬂW'J‘U€\1LL1JW3JWV]ﬂﬁ'0U Double cup extrusion test ‘VlvlﬂﬂWﬂ
IATDIIANNUNIVAD (Surface Roughness Measuring Device) Y949 Soap aluminum

fluoride (Coating weight of metal soap = 1.07 g/mz) UMM 2 ATIN 2

Modified Profile lower cup2-1_2 - Reanalysis Required 03/15/11 03:47:40 PM
lower cup2-1_2 - 5. 1mm/Kmutt/120i /U 03/11/11 01:44:14 PM
a7 Z s
7
337 3
2 2
i
19 1
2 032 bttt O L Bl sBAR s PO D N RTINS/ 13 ¢
£ 7 ISP G s ALt AR AR B TR R AR 5
§E P 74, E
7
2 2
3y 3
/’/
a3 =
g
202 -198 184 190 186 182 178  -i74 470  -168  -162
: i0pe 0.51%
Ra 9.1187 um
B 32 ]
1 1 5682 % |Wewht (mean} 0.080__pen
ﬁ 0. 8739 !ﬂ!
1 i

d‘ Ay v v a 1a o . Ay v
qil‘IJTI 1.8 LLﬁﬂQﬂi'l‘V\h’lulﬂi]"Iﬂﬂ'li’mN’J‘U@QLLN‘WNW‘WQ?{@‘U Double cup extrusion test Vlvlﬂmﬂ
IA30IIANNUHIIVAD (Surface Roughness Measuring Device) Y84 Soap aluminum

fluoride (Coating weight of metal soap = 1.07 g/mz) VIIUN 3 ATIN 2



Modified Profile

upper cup2-1_33 - Reanalysis Required
upper cup2-1_33 - 5. 1mm/Kmutt/120i /U

03/15/11 03:5
5

03/11/11 01:

7
0

4

:30
:36

PM
PM

[ % %)
§ 70§
2 k=]
E k. E
A 42
k7 3
Z 3
v Tk 4
7 7
254250 246 | 242 | 238 234 = 230 226 222 218 214
milimetres
Slope 0478
Ra 0.1028° ym
g .31 Ku 71690
Rt 1,3007_ pm{Rmrc) 59.26 % [Height (mean) 0.000 _pm
Rz 0.8412 ym

152

d' ~ Y v a 1a o . Ay v
31]7] .9 uamﬂ'sw\lm"lﬂmﬂmsmmmmuuwuwmﬁeu Double cup extrusion test Vlvlﬂ"l]']ﬂ

IAT99IANNUNYIUA (Surface Roughness Measuring Device) Y94 Soap aluminum

fluoride (Coating weight of metal soap = 1.07 g/mz) YsUN 1 ATIN 3

Modified Profile

center cup2-1_3 - Reanalysis Required
center cup2-1_3 - 5. 1mm/Kmutt/120i /U

03/15/11 03:51:43 PM
03/11/11 01:48:42 PM
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7 ;/'_2
” /,
7k
7
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S A oo AR A g AR il L mfi A S A _‘/J\_'I\ﬂ 40 S
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millimetres
Slope. 0,463
Ra 0.0951 um
g 09633 | 54391
R 17335 fim | 5573 % |Height (mean) 5000 pm

0 8096 _um

d’ Ay v v a 1a o . AN Y
51 210 uaasns i IdannrsFaiaveaunifiniinaey Double cup extrusion test 1 14910

1AT9IANNUNYIVA (Surface Roughness Measuring Device) Y84 Soap aluminum

fluoride (Coating weight of metal soap = 1.07 g/mz) Y5UN 2 ATIN 3



Modified Profile lower cup2-1_3 - Reanalysis Required 03/15/11 03:48:46 PM
lower cup2-1_3 - 5. 1mm/Kmutt/120i /U 03/11/11 01:47:59 PM
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13 99IANNUHEIUAT (Surface Roughness Measuring Device) U89 Soap aluminum

fluoride (Coating weight of metal soap = 1.07 g/m’) YINUN 3 A5IN 3

Modified Profile upper cup1-5_11 - Reanalysis Required 03/15/11 03:40:02 PM
upper cup1-5_11 - 5. 1mm/Kmutt/120i /U 03/11/11 12:30:33 PM
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Modified Profile center cup1-5_1 - Reanalysis Required 03/15/11 03:35:33 PM
center cup1-5_1 - 5. 1mm/Kmutt/120i /U 03/11/11 12:27:23 PM
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317 au13 uanans i Idainms Saiiveasiiusinaaoy Double cup extrusion test 1 14070

IA3093ANNUNENVAD (Surface Roughness Measuring Device) Y94 Soap aluminum

fluoride (Coating weight of metal soap = 5.50 g/rnz) USIUN 2 ATIN 1

Modified Profile

lower cup1-5_1 - Reanalysis Required
lower cup1-5_1 - 5. tmm/Kmutt/120i /U

03/15/11 03:43:05 PM
03/11/11 12:38:16 PM
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fluoride (Coating weight of metal soap = 5.50 g/mz) UILIWUN 3 ATIN 1



microns

Meodified Profile

210 206 202 -198 | 194

upper cup1-5_22 - Reanalysis Required
upper cup1-5_22 - 5. 1mm/Kmutt/120i /U

03/15/11 03:42:07 PM
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3‘1]71 .15 meniwlw"lﬂmﬂmmﬂmmaumwuwmaau Double cup extrusion test nldan

IA3D9IANNUUIVRAD (Surface Roughness Measuring Device) Y99 Soap aluminum

H ) '
fluoride (Coating weight of metal soap = 5.50 g/mz) VINIUN 1 ATIN 2
p
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Modified Profile

center cup1-5_2 - Reanalysis Required 03/15/11 03:36:42 PM
center cup1-5_2 - 5. 1mm/Kmutt/120i /U 03/11/11 12:33:52 PM
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IATDIAAIUHEIVAD (Surface Roughness Measuring Device) U84 Soap aluminum

fluoride (Coating weight of metal soap = 5.50 g/mz) VSN 2 ATIN 2
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Modified Profile 03/15/11 03:

lower cup1-5_2 - Reanalysis Required 4
03/11/11 12:3
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{ v a ra 4 ~
17 uaaens i 149N iaRIUe R UNNATOL Double cup extrusion test 1 1A31A

IATDIANIUHEIVAT (Surface Roughness Measuring Device) Y99 Soap aluminum

i 9 '
fluoride (Coating weight of metal soap = 5.50 g/mz) UINIUN 3 ATIN 2

Modified Profile upper cup1-5_1 - Reanalysis Required

upper cup1-5_1 - 5. 1mm/Kmutt/120i /U
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fluoride (Coating weight of metal soap = 5.50 g/mz) USUN 1 ATIN 3
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Meodified Profile center cup1-5_3 - Reanalysis Required 03/15/11 03:37:59 PM
center cup1-5_3 - 5. 1mm/Kmutt/120i /U 03/11/11 12:37:28 PM
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IA309IANNUHIVAD (Surface Roughness Measuring Device) Y99 Soap aluminum

fluoride (Coating weight of metal soap = 5.50 g/mz) YTOUN 2 ATIN 3

Modified Profile lower cup1-5_3 - Reanalysis Required 03/15/11 03:39:04 PM
lower cup1-5_3 - 5. 1mm/Kmutt/120i /U 03/11/11 12:28:24 PM
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Modified Profile upper cup_phoaphate1 - Reanalysis Required 03/15/11 03:28:21 PM
upper cup1 - 5. 1mm/Kmutt/120i /U 03/02/11 04:53:20 PM
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(Coating weight of metal soap = 0.80 g/m’) UTIIUN 1 ASIN 1
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Modified Profile center cup_phosphate1 - Reanalysis Required 03/15/11 03:14:20 PM
center cup1 - 5.1mm/Kmutt/120i /U 03/02/11 04:52:21 PM
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IATD9IANNUNIIVA (Surface Roughness Measuring Device) U849 Soap phosphate

' v H
(Coating weight of metal soap = 0.80 g/mz) VTN 2 ATIN 1
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Modified Profile lower cup_phosphate?2 - Reanalysis Required 03/15/11 03:24:58 PM
lower cup2 - 5.1mm/Kmutt/120i /U 03/02/11 04:55:22 PM
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IA309IANNUNIIVAD (Surface Roughness Measuring Device) Y94 Soap phosphate

(Coating weight of metal soap = 0.80 g/mz) VSN 3 AT 1

Modified Profile upper cup_phasphate3 - Reanalysis Required 03/15/11 03:30:50 PM
upper cup3 - 5. 1mm/Kmutt/120i /U 03/02/11 05:01:39 PM
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Modified Profile center cup_phosphate3 - Reanalysis Required 03/15/11 03:17:11 PM
center cup3 - 5. 1mm/Kmutt/120i /U 03/02/11 05:02:42 PM
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Modified Profile lower cup_phosphate3 - Reanalysis Required 03/15/11 03:26:07 PM
lower cup3 - 5. 1mm/Kmutt/120i /U 03/02/11 04:59:31 PM
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(Coating weight of metal soap = 0.80 g/mz) Y3NMN 3 ATIN 2
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Modified Profile upper cup_phosphate4 - Reanalysis Required 03/15/11 03:27:19 PM
upper cup - 5.1mm/Kmutt/120i /U 03/02/11 04:46:54 PM
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Modified Profile center cup_phosphate4 - Reanalysis Required 03/15/11 03:12:44 PM
center cup - 5. 1mm/Kmutt/120i /U 03/02/11 04:49:47 PM
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Modified Profile lower cup_phosphate4 - Reanalysis Required 03/15/11 03:18:15 PM
lower cup - 5.1mm/Kmutt/120i /U 03/02/11 04:48:40 PM
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IA309IANUNYIVAD (Surface Roughness Measuring Device) U84 Soap phosphate

(Coating weight of metal soap = 0.80 g/mz) UMM 3 ATIN 3
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Modified Profile

center cup_non1 - Reanalysis Required 04/25/11 02:58:35 PM
center cup_non1 - 5.1mm/Kmutt/120i /U 04/25/11 02:58:08 PM
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Modified Profile upper cup_non22 - Reanalysis Required 04/25/11 03:04:36 PM
upper cup_non22 - 5. 1mm/Kmutt/120i /U 04/25/11 03:04:15 PM
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Modified Profile center cup_non2 - Reanalysis Required 04/25/11 03:02:42 PM
center cup_non2 - 5.1mm/Kmutt/120i /U 04/25/11 03:02:14 PM
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Modified Profile lower cup_non2 - Reanalysis Required 04/25/11 03:01:45 PM
lower cup_non2 - 5.1mm/Kmutt/120i /U 04/25/11 03:00:59 PM
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Modified Profile upper cup_non2 - Reanalysis Required 04/25/11 03:03:47 PM
upper cup_non2 - 5.1mm/Kmutt/120i /U 04/25/11 03:03:21 PM
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31]"(] .36 LL’CTﬂQﬂSW‘IV]VlW\]'IﬂﬂTi’mN’J‘U’ENLLMW?JWT]WL‘(E]‘U Double cup extrusion test ‘Vlllﬂfl]'lﬂ

4 o a . . q 9 A
193 943AAMUNYIVAT (Surface Roughness Measuring Device) nfl i 14ensvnasay
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Modified Profile center cup_non3 - Reanalysis Required 04/25/11 03:06:42 PM
center cup_non3 - 5.1mm/Kmutt/120i /U 04/25/11 03:06:10 PM
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Rt 0 6087 pm [Rmr(c) 47.08 % |Height (mean) 0.000 pn
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a Ay v v a e . Ay v
qil‘ljﬂ .37 LlﬁﬂdﬂiTV‘I‘V]Vlﬂi]'lﬂﬂ'\i'lﬂN’J‘U@ﬂlLiJWﬂJWVlﬂﬁﬂU Double cup extrusion test Vl‘lﬂ%Wﬂ

IA09IANNMETUAD (Surface Roughness Measuring Device) asal lildansvaoau

o = Y A
UVIIUN 2 ATIN 3

Modified Profile lower cup_non3 - Reanalysis Required 04/25/11 03:0:
lower cup_non3 - 5.1mm/Kmutt/120i /U 04/25/11 03:0:
a4 7]
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31“" .38 Llﬁﬂﬂﬂi"l“l"l‘l’l‘lﬂi]TﬂﬂTi’JﬂN’JﬂJ@QLLNWMWﬂﬂZ‘T’E)U Double cup extrusion test Vlllﬂi]'lﬂ

4 % a . . 1 9 1 d'
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MANUIN §Y
' . . { o Aa 1A J
AT NILAAINT Material ratio curve of the profile; Rmr(c) NIAVUAIVDWNRUNNAADL
Double cup extrusion test 7 1A31AIAT 0ITAAUHEIUA7

(Surface Roughness Measuring Device)



d‘ 1 . . { o a 1a 4
M990 Q.1 LLTANAT Material ratio curve of the profile; Rmr(c) NIAVUHIVDILUNNANATOU

Double cup extrusion test ﬁqﬁlﬂiﬂlﬂgﬂﬂ’fﬂﬂ’JWMMU’lUﬁ’J (Surface Roughness

Measuring Device)

Material ratio curve of the profile; Rmr(c)

Condition mqﬁ - . - i .
YInwun 1 VINIUN 2 YINIUN 3

1 53.14% 47.40% 50.78%

7 ) 53.51% 43.75% 48.79%

Non-lubricant (C.W.=0.00 g/m")

3 51.23% 47.08% 48.89%

inde 52.63% 46.08% 49.49%

1 59.02% 56.68% 57.23%

Soap aluminum fluoride 2 58.52% 40.10% 56.82%
(C.W.=1.07 g/m’) 3 59.26% 56.73% 56.80%
ind 58.93% 51.17% 56.95%

1 60.96% 59.92% 59.14%

Soap aluminum fluoride 2 60.98% 59.12% 60.52%
(C.W.=5.30 g/m’) 3 62.12% 59.57% 62.05%
inde 61.35% 59.54% 60.57%

1 63.67% 54.93% 55.79%

Soap phosphate 2 58.49% 54.97% 56.09%
(C.W.=0.80 g/m’) 3 58.01% 54.51% 58.72%
inde 60.06% 54.80% 56.87%

1 64.32% 64.32% 64.32%

Initial die 2 60.81% 60.81% 60.81%

inde 62.57% 62.57% 62.57%
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