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ABSTRACT

Wrinkle, tears and non-uniform thickness of the specimen is an important quality problems
of sheet metal deep drawing process. For this reason hydrodynamics deep drawing was applied to
reduce these problems and increase strength to the specimen. This research aims to study the
influence of non ferrous in hydrodynamics deep drawing processes and compare variables from the
normal deep drawing and hydrodynamics deep drawing process.

The materials used in this study were C1100 copper and C2801 brass with 0.5 mm in
thickness. The materials that were prepared to be a specific shape and size deep drawn by various
hydrodynamics process parameters. The hydrodynamics process parameter was the hydraulic oil of
TIS-3, the oil pressure of 2.5-7.5 MPa, and the blank holder force of 1.884-7.130 kN The deep
drawn specimen was prepared and investigated for a thickness variation, a strain formation and a
tear path.

The experimental results revealed that the oil pressure was mainly affected to a deep
drawing process. Increase of the oil pressure affected to increase the deep drawing force and
produce the uniform thickness of the specimen. C1100 copper that was difficult to produce by the
normal deep drawing process could perform by a hydrodynamics process. The C1100 copper
specimen thickness was increase to be 3.872% when the oil pressure of 5.0 MPa and the blank
holder force of 7.130 kN were applied to produce a specimen. The C2801 brass could produce by
the normal deep drawing process and the hydrodynamics process. The C2801 brass specimen
thickness was increase to be 4.916% when the oil pressure of 7.5 MPa and the blank holder force of
3.942 kN were applied to produce a specimen but cloud not produced by the oil pressure of 7.5 MPa
and the blank holder force of 7.130 kN

Keywords: deep drawing, hydrodynamics process, blank holder force
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Ay, =(D2—dj)><% (2.13)
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y
USINALKNUYUIIY (Blank Holder Force) [14]

FBH = ABH xp 2.15)
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3. ANUATIANUIATANNHU (Thickness Strain and Thickness)
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g =In tl — _(1+ p)g, =—(1+ B)In j—l (2.33)
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2.2.7 UAUNINANULATEA (Strain diagram)
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FeO(s) + SiO2(s) — FeSiO3(1) (2.38)
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9 1
FoYaNMINATEIAINARDTUABUNITNAADIVDIA1T 1NN 3.2

d‘ dy a ] a A
139N N.1 usﬂumimﬂmugﬂuuuﬂﬂﬁ VDINUDYUIUTY AA 1100

- YOUNAT VG 68 ANUHLA 68 mm’/sec

Y
%

=R v v Y
NANUFAD | (159nAFUIIY 1.884 kKN USINATUIIU 3.942 kN | U5INATUIU 7.130 kKN

133NN U3 | UIINA UI0N | UIINA 133
L X £ X <L ]
mm % PFUITU % 6U‘ng‘]J FUITU % mugﬂ FUITU % a1nvu

(kN) kN) | (kN) (kN) (kN) 31 (kN)

1 1.25 1.96 13.06 | 0.911 4.08 |27.21 | 2.092 7.42 49.49 | 4.022

2 2.50 2.03 13.56 | 7.765 424 | 2825 | 11.499 7.71 51.39 | 13.164

3 3.75 2.11 14.07 | 7.857 439 2930 | 11.734 7.99 53.30 | 13.414

4 5.00 2.19 14.57 | 8.335 4.55 ]3035 | 11.499 8.28 55.20 | 14.022

5 6.25 2.26 15.07 | 9.949 4.71 | 3139 | 10.784 8.57 57.10 | 14.507

6 7.50 2.34 15.57 | 8.239 4.87 |32.44 | 11.499 8.85 59.01 | 14.877

7 8.75 2.41 16.08 | 7.955 5.02 | 33.48 | 11.024 9.14 60.91 | 15.129

& | 10.00 2.49 16.58 | 8.713 5.18 | 34.53 | 10.784 9.42 62.81 | 15.614

9 | 11.25 2.56 17.08 | 7.479 534 | 35.58 | 11.499 9.71 64.72 | 15.627

10 | 12.50 2.64 17.58 | 6.907 549 | 36.62 | 11.259 9.99 66.62 | 15.522

11 | 13.75 271 18.09 | 7.477 5.65 | 37.67 | 11.499 10.28 | 68.52 | 15.654

12 | 15.00 2.79 18.59 | 7.857 581 | 38.72 | 12.214 10.56 | 70.43 | 16.377

13 | 16.25 2.86 19.09 | 7.763 596 |39.76 | 11.499 10.85 | 72.33 | 16.507

14 | 17.50 2.94 19.59 | 8.523 6.12 | 40.81 | 11.734 11.14 | 74.24 | 16.287

15 | 18.75 3.01 20.10 | 11.659 6.28 | 41.86 | 12.214 11.42 | 76.14 | 16.417

4 \ 2
Yuz1/an 15 mm = 18.75% voudur1gudnats Blank ; 3.01 kKN = usumdeuduau ;
Y Y Y y
20.1% = USUHBIVFUNIUVO5Z8ZANUANNITVUFY ; 11.685 kN = 159a103ug1) Fuaiunams
a o o 3 2 s o«
PNUIA; 19.62 N/mm = A1AINV0a3ayaN 25 14.655 kN = 1159a10Uu31 yua1unansnnia

1 $ H 2 Qy =)
1Az 35.69 N/mm = maanvesdtf5ayai 3;16.697 kN = u53a1nyuzl suaiumamsinvia
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d' dy a J 1 A A
139N N.2 usﬂumﬁa1ﬂmu§ﬂuuu"laim"lﬂumaﬁ 2.5 MPa U8HUDAULUIN AA 1100

A

V9UNA VG 68 ANUNIIA 68 mm /sec

NAUTAN | |150naT1a1u 1884 KN | LI9NATUNIM 3.042 kN | H34AATUIM 7.130 KN
13904 U3Y | 139nA U39 | 13904 139

mm | % | A | % | @y | duau | % | andu | suaem | % | aina
(kN) N | (kN) N | &N JUN)

1 | 125 | 196 |[13.06| 1.860 | 4.08 |27.21| 2.190 | 7.42 |49.49 | 2.862
2 | 250 | 203 |13.56| 9290 | 424 |2825| 10332 | 7.71 |51.39]| 15.716
3 0375 | 211 |14.07| 9290 | 439 [2930| 10582 | 7.99 |53.30 | 15.808
4 1500 | 219 |1457| 8810 | 455 [3035| 11.190 | 828 |55.20| 16.286
5 | 625 | 226 |1507| 9770 | 471 [3139| 11.675 | 857 |57.10| 17.900
6 | 750 | 234 |1557| 9770 | 4.87 |32.44 | 12.045 | 885 |59.01| 16.190
7 | 875 | 241 |16.08| 8340 | 502 |3348| 12297 | 9.14 |60.91 | 15.906
8 |10.00 | 249 |1658| 13.090 | 518 |34.53 | 12.782 | 9.42 | 62.81 | 16.664
9 [11.25| 256 |17.08| 8340 | 534 [3558| 12795 | 9.71 |64.72| 15.430
10 | 1250 | 2.64 | 17.58 | 6910 | 549 |36.62| 12.690 | 9.99 |66.62 | 14.858
11 | 1375 | 271 |18.09| 8810 | 565 |37.67 | 12.822 | 1028 |68.52 | 15.428
12 | 15.00 | 2.79 |18.59 | 10240 | 5.81 |38.72| 13.545 | 10.56 | 70.43 | 15.808
13 | 1625 | 2.86 [19.09| 10240 | 596 |39.76 | 13.675 | 10.85 |72.33 | 15.714
14 | 17.50 | 2.94 [19.59 | 10240 | 6.12 | 40.81 | 13.455 | 11.14 |74.24 | 16.474
15 | 1875 | 3.01 [20.10 | 13.090 | 628 |41.86| 13.585 | 11.42 |76.14 | 19.610

4 . a2
Yuz1lan 15 mm = 18.75% voudurigudnais Blank ; 3.01 kN = usundouiuau

Y Y Y Y
20.1% = USUHTIVFUNIUVOI3ZEZANUANNITVUF ; 11.685 kN = u59a1nug) suaiunams

a ' o = ] £ a a
ANVIA; 19.62 N/mm = ﬂ?ﬂﬂ‘ﬂﬂli’]ﬂﬁﬂ%\‘lijﬂ‘ﬂ 2;14.655 kN = usqmﬂmugﬂ FHUHNUNANTITRNVIA

' = = 2 = a =
Uag 35.69 N/'mm = ﬂ?ﬂﬁﬂﬂl@dﬁﬂ%ﬂﬂg’ﬂﬂ 3:16.697 kN = mamﬂmugﬂ (FUANUNANITRNVIA
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d' dy a J 1 A A
MINN N3 usﬂumﬁa1ﬂmu§ﬂuuu"laim"lﬂumaﬁ 5 MPa U83HUDANLIUIN AA 1100

—— YOANAD VG 68 ANWHUA 68 mm’/sec

?,‘, SR v v Y
NANUTAN | 59naWUIIY 1.884 kN USINATUIIY 3.942 kN BSINATUIIU 7.130 kKN

1IINA YSN 1IANA 1433 IINA 133
2 2 2 X L E
mm % FUINU % a1nvy | FUINU % AMUU | FUINU % AMMNUU

(kN) N | (kN) N | &N JUN)

1 1.25 1.96 13.06 | 1.645 4.08 27.21 | 1.043 7.42 49.49 | 2.657

2 2.50 2.03 13.56 | 11.645 4.24 28.25 | 13.897 7.71 51.39 | 17.657

3 3.75 2.11 14.07 | 11.165 4.39 29.30 | 13.989 7.99 53.30 | 17.177

4 5.00 2.19 14.57 | 11.645 4.55 30.35 | 14.467 8.28 55.20 | 17.657

5 6.25 2.26 15.07 | 11.165 4.71 31.39 | 16.081 8.57 57.10 | 17.177

6 7.50 2.34 15.57 | 10.215 4.87 32.44 | 14.371 8.85 59.01 | 16.227

7 8.75 241 16.08 | 11.165 5.02 33.48 | 14.087 9.14 6091 | 17.177

& | 10.00 2.49 16.58 | 10.685 5.18 34.53 | 14.845 9.42 62.81 | 16.697

9 | 11.25 2.56 17.08 | 10.215 5.34 35.58 | 13.611 9.71 64.72 | 16.227

10 | 12.50 2.64 17.58 | 9.735 5.49 36.62 | 13.039 9.99 66.62 | 15.747

11 | 13.75 271 18.09 | 10.685 5.65 37.67 | 13.609 10.28 | 68.52 | 16.697

12 | 15.00 2.79 18.59 | 11.645 5.81 38.72 | 13.989 10.56 | 70.43 | 17.657

13 | 16.25 2.86 19.09 | 10.685 5.96 39.76 | 13.895 10.85 | 72.33 | 16.697

14 | 17.50 2.94 19.59 | 10.215 6.12 40.81 | 14.655 11.14 | 74.24 | 16.227

15 | 18.75 3.01 20.10 | 11.685 6.28 41.86 | 14.655 1142 | 76.14 | 16.697

4 : 2
Yuz1lan 15 mm = 18.75% voudur1gudnats Blank ; 3.01 kKN = u5umdeuduauy ;
Y Y Y y
20.1% UIUHBBDFUNUVBITZEZANUANMITUY ; 11.685 kKN = usaa1nugl suaunams
a o o 3 2 A
PAYIA; 19.62 N/mm = AAINV0Ia3ayan 25 14.655 kN = 1530103131 yu1unan1snnva

1 $ { 2 Qy =)
1Az 35.69 N/mm = maanvesdtf5ayai 3;16.697 kN = u53a1nyuzl suaumamsinvia
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d' dy a J 1 A A
139N N4 usﬂumﬁa1ﬂmu§ﬂuuu"laim"lﬂumaﬁ 7.5 MPa Y9N UBDNIUEN AA 1100

A

V9UNA VG 68 ANUNIIA 68 mm /sec

NAUTAN | |150naT1a1u 1884 KN | LI9NATUNIM 3.042 kN | H34AATUIM 7.130 KN
13904 U3Y | 139nA U39 | 13904 139

mm | % | A | % | @y | duau | % | andu | suaem | % | aina
(kN) N | (kN) N | &N JUN)

1 | 125 | 196 |[13.06| 2.635 | 4.08 |2721| 3.786 | 7.42 |49.49| 2.750
2 | 250 | 203 |13.56| 11.115 | 424 |2825| 14316 | 7.71 |51.39| 17.660
3 (375 | 211 |14.07| 10.635 | 439 [2930| 15266 | 7.99 |53.30 | 13.860
4 1500 | 219 |1457| 11.115 | 455 [3035| 15266 | 828 |55.20 | 20.040
5 | 625 | 226 |1507| 11.115 | 471 [31.39| 14786 | 8.57 |57.10| 7.680
6 | 750 | 234 | 1557 | 11.115 | 4.87 |32.44| 15266 | 8.85 |59.01 | 13.860
7 | 875 | 241 |16.08| 11.115 | 502 |33.48 | 15746 | 9.14 | 60.91 | 41.890
8 |10.00 | 249 |1658 | 11.115 | 518 |34.53 | 15746 | 9.42 | 62.81 | 17.190
9 [11.25| 256 |17.08| 11.115 | 534 [3558| 15266 | 9.71 | 64.72 | 22.410
10 | 1250 | 2.64 | 17.58 | 11.115 | 549 |36.62 | 15266 | 9.99 |66.62 | 19.560
11 | 1375 | 271 | 18.09 | 11.115 | 5.65 |37.67 | 15746 | 1028 | 68.52 | 19.090
12 | 15.00 | 279 |[18.59 | 10.155 | 5.81 |38.72| 16216 | 10.56 | 70.43 | 19.560
13 | 1625 | 2.86 [19.09| 11.115 | 596 |39.76 | 16216 | 10.85 |72.33 | 18.140
14 | 1750 | 294 (1959 | 11.115 | 6.12 | 40.81 | 15746 | 11.14 | 74.24 | 19.560
15 | 1875 | 3.01 [20.10 | 11.115 | 628 |41.86| 15746 | 11.42 |76.14 | 19.560

¥ ! o 2
Yuglan 15 mm = 18.75% maaz%’umqué’ﬂaw Blank ; 3.01 kN = U3UHggUFUNU ;

Y Y Y y
20.1% = USUHBBVFUNUVBITZEANNANMIVUF ; 11.115kN = usaa1nTugl suaunams

a ' = = ] £ a 2
ANVIA; 19.62 N/mm = ﬂ?ﬂﬂ‘ﬂﬂli’]ﬂﬁﬂ%\‘lijﬂ‘ﬂ 2;15.746 kN = usqmﬂmugﬂ FHUNUNANTITRNVUIA

1 $ { 2 Qy =)
1Az 35.69 N/mm = maanvesdtf5agai 3;19.560 kN = u53a1nyuzl suaiumamsinia
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v Y
15199 0.5 usﬂumimﬂﬂdiugﬂuuuﬂﬂﬁ VBILWUNDILAN C 1100

—— YOANAD VG 68 ANWHUA 68 mm’/sec

?,‘, SR v v Y
NANUTAN | 59naWUIIY 1.884 kN USINATUIIY 3.942 kN BSINATUIIU 7.130 kKN

1IINA YSN 1IANA 1433 IINA 133
2 2 2 X L E
mm % FUINU % a1nvy | FUINU % AMUU | FUINU % AMMNUU

(kN) N | (kN) N | &N JUN)

1 1.25 1.96 13.06 | 0.794 4.08 2721 | 5472 7.42 49.49 | 8.626

2 2.50 2.03 13.56 | 22.194 4.24 28.25 | 26474 7.71 51.39 | 26.726

3 3.75 2.11 14.07 | 24.094 4.39 29.30 | 24.259 7.99 53.30 | 29.096

4 5.00 2.19 14.57 | 23.144 4.55 30.35 | 25.269 8.28 55.20 | 29.096

5 6.25 2.26 15.07 | 21.724 4.71 31.39 | 25.982 8.57 57.10 | 26.726

6 7.50 2.34 15.57 | 23.624 4.87 32.44 | 21.764 8.85 59.01 | 27.196

7 8.75 241 16.08 | 22.194 5.02 33.48 | 21.764 9.14 60.91 | 30.996

& | 10.00 2.49 16.58 | 23.144 5.18 34.53 | 22.952 9.42 62.81 | 34.326

9 | 11.25 2.56 17.08 | 23.624 5.34 35.58 | 23.544 9.71 64.72 | 34.326

10 | 12.50 2.64 17.58 | 23.144 5.49 36.62 | 22.952 9.99 66.62 | 26.726

11 | 13.75 271 18.09 | 23.624 5.65 37.67 | 24.734 10.28 | 68.52 | 30.046

12 | 15.00 2.79 18.59 | 23.624 5.81 38.72 | 25327 10.56 | 70.43 | 29.096

13 | 16.25 2.86 19.09 | 23.144 5.96 39.76 | 26.277 10.85 | 72.33 | 34.806

14 | 17.50 2.94 19.59 | 22.194 6.12 40.81 | 25.684 11.14 | 74.24 | 35.756

15 | 18.75 3.01 20.10 | 22.674 6.28 41.86 | 22.237 11.42 | 76.14 | 37.176

¥ . o 2
Yuzlan 15 mm = 18.75% maué’umqué’ﬂmq Blank ; 3.01 kN = U5UHIIUTUNY ;

3.01 ¢ = 2 4
%100 =20.1% meaau%mmmmszﬂzmmaﬂmimugﬂ; 22.674 kN = LL’NmﬂﬂJugﬂ
15

Y H v Y

FUAIULNANITRAVIA ; 19.62 N/mm = mﬂd‘lﬂﬂlmﬁﬂidijmﬂ 2 ; 22237 kN = meﬂﬁugﬂ

v H H Y
FUNAANTANVIA LAZ 35.69 N/mm = Arasiivesdifseyain 3 ;37.176 kN = useanaugil

Y
FUNUNANITRAVIA
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v Y
519 0.6 usslumsanugiuuulalas lauling 2.5 MPa vouHUNDILAT C 1100

B YOUNAI VG 68 ANUHUA 68 mm/sec
= Yy Y Y
an UIINATUNIU 1.884 KN | UTINATUNY 3.942kN | UTINATUNY 7.130 kN
134 139
139N 139N 113909 139a1n
p amn | an | P
mm | % | WUOU | % | 4 PUNU | % | g ¥ | % | vugyl
Yzl YUzl
(kN) (kN) (kN) (kN)
(kN) (kN)

1 1.25 1.96 | 13.06 | 6.044 4.08 2721 | 4.617 7.42 49.49 | 2.794

2 2.50 2.03 | 13.56 | 27.046 | 4.24 28.25 | 21.307 7.71 51.39 | 34.194

3 3.75 2.11 14.07 | 24.831 | 4.39 29.30 | 21.787 7.99 53.30 | 36.094

4 5.00 2.19 | 1457 | 25.841 | 4.55 30.35 | 22.737 8.28 55.20 | 35.144

5 6.25 226 | 15.07 | 26.554 | 4.71 31.39 | 23.207 8.57 57.10 | 33.724

6 7.50 234 | 15.57 | 22.336 | 4.87 32.44 | 24.157 8.85 59.01 | 35.624

7 8.75 2.41 16.08 | 22.336 | 5.02 33.48 | 24.157 9.14 60.91 | 34.194

8 10.00 | 2.49 | 16.58 | 23.524 | 5.18 34.53 | 26.537 9.42 62.81 | 35.144

9 1125 2.56 | 17.08 | 24.116 | 5.34 35.58 | 26.537 9.71 64.72 | 35.624

10 | 1250 | 2.64 | 17.58 | 23.524 | 5.49 36.62 | 28.907 9.99 66.62 | 35.144

11 13.75 | 2.71 18.09 | 25.306 | 5.65 37.67 | 28.907 | 10.28 | 68.52 | 35.624

12 1 15.00 | 2.79 | 18.59 | 25.899 | 5.81 38.72 | 27.957 | 10.56 | 70.43 | 35.624

13 [ 1625| 2.86 | 19.09 | 26.849 | 5.96 39.76 | 27.487 | 10.85 | 7233 | 35.144

14 | 1750 | 2.94 | 19.59 | 26.256 | 6.12 40.81 | 28907 | 11.14 | 74.24 | 34.194

15 | 1875 | 3.01 |20.10 | 22.809 | 6.28 41.86 | 29.688 | 11.42 | 76.14 | 34.674

¥ \ o 2
Yuzan 15 mm = 18.75% maagﬁ’uwwquﬁﬂaw Blank ; 3.01 kN = U3UHggUFUNU ;

3.01 a2 = 2 2
o %100 = 20.1% mqmaawymmmmszazmmaﬂmimugﬂ; 22.809 kN = LL’NmﬂﬂJugﬂ
15

v Y v v Y
Fuanmawsovuglls ; 19.62 N/mm = Ansivosaifseyan 2 ; 29.688 kN = usaanaugil
v Y H v Y

Funuawnsovugl 1@ naz 35.60 N/mm = mnsivesail5gai 3 ; 34.674 kN = usaanaugl

Y

2 2
Funuawnsovuglla
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d' dy a J 1
139N .7 usﬂumﬁa1ﬂmu§ﬂuuu"laim"lﬂumaﬁ 5 MPa U9UHUNDaLAS C 1100

—— YOANAI VG 68 ANWHUA 68 mm’/sec

?,‘, SR v v Y
NANUTAN | 59naWUIIY 1.884 kN USINATUIIY 3.942 kN BSINATUIIU 7.130 kKN

1IINA YSN 1IANA 1433 IINA 133
2 2 2 X L E
mm % FUINU % a1nvy | FUINU % AMUU | FUINU % AMMNUU

(kN) N | (kN) N | &N JUN)

1 1.25 1.96 13.06 | 3.585 4.08 2721 | 5.566 7.42 49.49 | 5.740

2 2.50 2.03 13.56 | 25.015 4.24 28.25 | 25.516 7.71 51.39 | 35.740

3 3.75 2.11 14.07 | 25.015 4.39 29.30 | 28.886 7.99 53.30 | 35.260

4 5.00 2.19 14.57 | 24.535 4.55 30.35 | 25.556 8.28 55.20 | 35.740

5 6.25 2.26 15.07 | 25.495 4.71 31.39 | 21.756 8.57 57.10 | 35.260

6 7.50 2.34 15.57 | 25.495 4.87 32.44 | 26.036 8.85 59.01 | 34.310

7 8.75 241 16.08 | 24.065 5.02 33.48 | 28.886 9.14 60.91 | 35.260

& | 10.00 2.49 16.58 | 28.815 5.18 34.53 | 26.986 9.42 62.81 | 34.780

9 | 11.25 2.56 17.08 | 24.065 5.34 35.58 | 29.356 9.71 64.72 | 34.310

10 | 12.50 2.64 17.58 | 22.635 5.49 36.62 | 25.556 9.99 66.62 | 33.830

11 | 13.75 271 18.09 | 24.535 5.65 37.67 | 30.786 10.28 | 68.52 | 34.780

12 | 15.00 2.79 18.59 | 25.965 5.81 38.72 | 29.356 10.56 | 70.43 | 35.740

13 | 16.25 2.86 19.09 | 25.965 5.96 39.76 | 29.356 10.85 | 72.33 | 34.780

14 | 17.50 2.94 19.59 | 25.965 6.12 40.81 | 31.256 11.14 | 74.24 | 34.310

15 | 18.75 3.01 20.10 | 28.815 6.28 41.86 | 29.356 11.42 | 76.14 | 34.780

¥ ! o 2
Yuglan 15 mm = 18.75% maaz%’umqué’ﬂaw Blank ; 3.01 kN = U3UHggUFUNU ;

3.01 a2 = 4 2
o %100 = 20.1% mqmaau%mmmmizﬂzmmaﬂmimugﬂ; 28.815 kN = LL’NmﬂﬂJugﬂ
15

v Y v v Y
Fuanawsovuglls ; 19.62 N/mm = Ansivesaifseyan 2 ; 29356 kN = usaanaugl
v Y H v Y

Funuawnsovugl 1@ naz 35.60 N/mm = mnsivesail5egai 3 ; 34.780 kN = usaanaugil

2 2 v
Funuawnsovuglla
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v Y
a9 0.8 usslumsanugiuoulalas lauiing 7.5 MPa vouHUNDILAT C 1100

—— YOANAD VG 68 ANWHUA 68 mm’/sec

?,‘, SR v v Y
NANUTAN | 59naWUIIY 1.884 kN USINATUIIY 3.942 kN BSINATUIIU 7.130 kKN

1IINA YSN 1IANA 1433 IINA 133
2 2 2 X L E
mm % FUINU % a1nvy | FUINU % AMUU | FUINU % AMMNUU

(kN) N | (kN) N | &N JUN)

1 1.25 1.96 13.06 | 3.572 4.08 2721 | 5.221 7.42 49.49 | 3.528

2 2.50 2.03 13.56 | 24.714 4.24 28.25 | 60.951 7.71 51.39 | 36.382

3 3.75 2.11 14.07 | 24.964 4.39 29.30 | 34.341 7.99 53.30 | 36.474

4 5.00 2.19 14.57 | 25.572 4.55 30.35 | 22.931 8.28 55.20 | 36.952

5 6.25 2.26 15.07 | 26.057 4.71 31.39 | 21.981 8.57 57.10 | 38.566

6 7.50 2.34 15.57 | 26.427 4.87 32.44 | 26.731 8.85 59.01 | 36.856

7 8.75 241 16.08 | 26.679 5.02 33.48 | 21.981 9.14 60.91 | 36.572

& | 10.00 2.49 16.58 | 27.164 5.18 34.53 | 25.311 9.42 62.81 | 37.330

9 | 11.25 2.56 17.08 | 27.177 5.34 35.58 | 24.831 9.71 64.72 | 36.096

10 | 12.50 2.64 17.58 | 27.072 5.49 36.62 | 27.211 9.99 66.62 | 35.524

11 | 13.75 271 18.09 | 27.204 5.65 37.67 | 26.261 10.28 | 68.52 | 36.094

12 | 15.00 2.79 18.59 | 27.927 5.81 38.72 | 30.541 10.56 | 70.43 | 36.474

13 | 16.25 2.86 19.09 | 28.057 5.96 39.76 | 17.541 10.85 | 72.33 | 36.380

14 | 17.50 2.94 19.59 | 27.837 6.12 40.81 | 27.211 11.14 | 74.24 | 37.140

15 | 18.75 3.01 20.10 | 27.967 6.28 41.86 | 30.541 11.42 | 76.14 | 40.276

¥ ! o 2
Yuglan 15 mm = 18.75% maaz%’umqué’ﬂaw Blank ; 3.01 kN = U3UHggUFUNU ;

3.01 a2 = 4 2
o %100 = 20.1% mqmaau%mmmmizﬂzmmaﬂmimugﬂ; 27.967 kN = LL’NmﬂﬂJugﬂ
15

v Y v v Y
Fuanmawsovuglls ; 19.62 N/mm = Ansivosaifseyan 2 ; 30.541 kN = usaanaugl
v Y H v Y

Funuawnsovugl 1@ naz 35.60 N/mm = mnsivesail5agai 3 ; 40.276 kN = usaanaugl

2 2 v
Funuawnsovuglla
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d' dy a ' =
139N N.9 usﬂumimﬂmugﬂuuuﬂﬂﬁ VDUINUNDIUYADY C 2801

—— YOANAD VG 68 ANWHUA 68 mm’/sec

?,‘, SR v v Y
NANUTAN | [ 59naWWIIY 1.884 kN USINATUIIY 3.942 kN BSINATUIIU 7.130 kKN

1IINA YSN 1IANA 1433 IINA 133
2 2 2 X L E
mm % FUINU % a1nvy | FUINU % AMUU | FUINU % AMMNUU

(kN) N | (kN) N | &N JUN)

1 1.25 1.96 13.06 | 0.288 4.08 27.21 | 3.203 7.42 49.49 | 2.480

2 2.50 2.03 13.56 | 7.792 4.24 28.25 | 17.165 7.71 51.39 | 31.040

3 3.75 2.11 14.07 | 15.392 4.39 29.30 | 16.688 7.99 53.30 | 22.480

4 5.00 2.19 14.57 | 15.872 4.55 30.35 | 16.450 8.28 55.20 | 22.010

5 6.25 2.26 15.07 | 15.392 4.71 31.39 | 16.808 8.57 57.10 | 22.010

6 7.50 2.34 15.57 | 15.872 4.87 32.44 | 16.808 8.85 59.01 | 22.010

7 8.75 241 16.08 | 14.442 5.02 33.48 | 17.163 9.14 60.91 | 30.560

& | 10.00 2.49 16.58 | 15.392 5.18 34.53 | 17.640 9.42 62.81 | 22.480

9 | 11.25 2.56 17.08 | 15.872 5.34 35.58 | 17.993 9.71 64.72 | 23.910

10 | 12.50 2.64 17.58 | 15.392 5.49 36.62 | 17.163 9.99 66.62 | 27.710

11 | 13.75 271 18.09 | 16.822 5.65 37.67 | 17.165 10.28 | 68.52 | 37.210

12 | 15.00 2.79 18.59 | 15.872 5.81 38.72 | 17.758 10.56 | 70.43 | 38.640

13 | 16.25 2.86 19.09 | 14.922 5.96 39.76 | 17.283 10.85 | 72.33 | 38.640

14 | 17.50 2.94 19.59 | 14.442 6.12 40.81 | 17.640 11.14 | 74.24 | 39.590

15 | 18.75 3.01 20.10 | 14.922 6.28 41.86 | 16.808 11.42 | 76.14 | 34.360

¥ ; o 2
Yuzlan 15 mm = 18.75% mmgé’umquﬁﬂmq Blank ; 3.01 kN = USUHIgUFUNU ;

3.01 a2 = 2 2
o %100 = 20.1% mqmaawymmmmszazmmaﬂmimugﬂ; 14.922 kN = LL’NmﬂﬂJugﬂ
15

v Y v v Y
Fuanmawsovuglls ; 19.62 N/mm = Ansivosaifseyan 2 ; 16.808 kN = usaanaugl
? y L4 o 4

Fuauannsadugl 1@ uaz 35.69 N/mm = mnasivesdlseymi 3 ; 34.360 kN = useanaugl

Y Y
Funuawnsovugyl 1@
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d' d%’ a J 1 A
13190 n.10 uﬁﬂumﬁa1ﬂﬂ1u§ﬂuuu"laim"lﬂumaﬁ 2.5 MPa Y9N UNDI AN C 2801

—— YOANAD VG 68 ANWHUA 68 mm’/sec

?,‘, SR v v Y
NANUTAN | 59naWUIIY 1.884 kN USINATUIIY 3.942 kN BSINATUIIU 7.130 kKN

1IINA YSN 1IANA 1433 IINA 133
2 2 2 X L E
mm % FUINU % a1nvy | FUINU % AMUU | FUINU % AMMNUU

(kN) N | (kN) N | &N JUN)

1 1.25 1.96 13.06 | 2.929 4.08 2721 | 4.126 7.42 49.49 | 3.745

2 2.50 2.03 13.56 | 13.119 4.24 28.25 | 17.656 7.71 51.39 | 28.887

3 3.75 2.11 14.07 | 12.649 4.39 29.30 | 17.656 7.99 53.30 | 29.137

4 5.00 2.19 14.57 | 13.119 4.55 30.35 | 19.556 8.28 55.20 | 29.745

5 6.25 2.26 15.07 | 13.119 4.71 31.39 | 20.036 8.57 57.10 | 30.230

6 7.50 2.34 15.57 | 12.649 4.87 32.44 | 20.036 8.85 59.01 | 30.600

7 8.75 241 16.08 | 13.119 5.02 33.48 | 20.036 9.14 60.91 | 30.852

& | 10.00 2.49 16.58 | 13.599 5.18 34.53 | 19.556 9.42 62.81 | 31.337

9 | 11.25 2.56 17.08 | 15.499 5.34 35.58 | 19.556 9.71 64.72 | 31.350

10 | 12.50 2.64 17.58 | 15.029 5.49 36.62 | 19.076 9.99 66.62 | 31.245

11 | 13.75 271 18.09 | 15.029 5.65 37.67 | 20.036 10.28 | 68.52 | 31.377

12 | 15.00 2.79 18.59 | 15.029 5.81 38.72 | 18.606 10.56 | 70.43 | 32.100

13 | 16.25 2.86 19.09 | 15.979 5.96 39.76 | 17.176 10.85 | 72.33 | 32.230

14 | 17.50 2.94 19.59 | 15.499 6.12 40.81 | 16.226 11.14 | 74.24 | 32.010

15 | 18.75 3.01 20.10 | 15.499 6.28 41.86 | 17.176 11.42 | 76.14 | 32.140

¥ ; o 2
Yuzlan 15 mm = 18.75% mmgé’umquﬁﬂmq Blank ; 3.01 kN = USUHIgUFUNU ;

3.01 a2 = 2 2
o %100 = 20.1% uiqmaauwmummizazmmaﬂmimugﬂ; 15.499 kN = LL’NmﬂﬂJugﬂ
15

v Y v v Y
Fuanmawsovuglls ; 19.62 N/mm = mnsivesaifseyan 2 ; 17.176 kN = usaamnaugl
? y L4 o 4

Fuauannsadugl 1@ uaz 35.69 N/mm = mnasivesdilseai 3 ; 32.140 kN = useanaugl

Y Y
Funuawnsovugyl 1@
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d' da! a J 1 A
139N n.11 L!ﬁﬂuﬂ'lﬁa'lﬂﬂluq’ijﬂllﬂﬂllﬁiﬂﬁllﬂu'luﬂﬁ 5 MPa U9 UHUNDHa0Y C 2801

—— YOANAI VG 68 ANWHUA 68 mm’/sec

?,‘, SR v v Y
NANUTAN | 59naWUIIY 1.884 kN USINATUIIY 3.942 kN BSINATUIIU 7.130 kKN

1IINA YSN 1IANA 1433 IINA 133
2 2 2 X L E
mm % FUINU % a1nvy | FUINU % AMUU | FUINU % AMMNUU

(kN) N | (kN) N | &N JUN)

1 1.25 1.96 13.06 | 3.772 4.08 2721 | 0.814 7.42 49.49 | 4.739

2 2.50 2.03 13.56 | 19.774 4.24 28.25 | 22.674 7.71 51.39 | 35.649

3 3.75 2.11 14.07 | 17.559 4.39 29.30 | 21.244 7.99 53.30 | 31.849

4 5.00 2.19 14.57 | 18.569 4.55 30.35 | 20.764 8.28 55.20 | 38.029

5 6.25 2.26 15.07 | 19.282 4.71 31.39 | 17.914 8.57 57.10 | 25.669

6 7.50 2.34 15.57 | 15.064 4.87 32.44 | 21.724 8.85 59.01 | 31.849

7 8.75 241 16.08 | 15.064 5.02 33.48 | 17.444 9.14 60.91 | 59.879

& | 10.00 2.49 16.58 | 16.252 5.18 34.53 | 20.764 9.42 62.81 | 35.179

9 | 11.25 2.56 17.08 | 16.844 5.34 35.58 | 21.244 9.71 64.72 | 40.399

10 | 12.50 2.64 17.58 | 16.252 5.49 36.62 | 18.394 9.99 66.62 | 37.549

11 | 13.75 271 18.09 | 18.034 5.65 37.67 | 20.764 10.28 | 68.52 | 37.079

12 | 15.00 2.79 18.59 | 18.627 5.81 38.72 | 21.244 10.56 | 70.43 | 37.549

13 | 16.25 2.86 19.09 | 19.577 5.96 39.76 | 21.244 10.85 | 72.33 | 36.129

14 | 17.50 2.94 19.59 | 18.984 6.12 40.81 | 19.814 11.14 | 74.24 | 37.549

15 | 18.75 3.01 20.10 | 15.537 6.28 41.86 | 21.244 11.42 | 76.14 | 37.549

¥ ; o 2
Yugdan 15 mm = 18.75% mauﬁ’umqus‘fﬂma Blank ; 3.01 kKN = USUHagUTUNU ;

3.01 o 2 = 2 2
o %100 = 20.1% LL’NL‘Hﬂﬂu%uﬂumm’izﬂzﬂ’J”IﬂJaﬂﬂ”l’iﬂJug‘]J ; 15.537 kN = LLNmﬂﬂJugﬂ
15

v Y H v Y
Funuawnsovuglld ; 19.62 Nimm = mnsivesail5agan 2 ; 21.244 kN = ussanayugl
2 3 o < 3

Fuauannsadugl1d uaz 35.60 Nmm = mashvosaif5agai 3; 37.549 kN = ussanaugl

Y Y
Funuawnsovuglld

126




d' d%’ a J 1 A
139N N.12 uﬁﬂumﬁa1ﬂﬂ1u§ﬂuuu"laim"lﬂumaﬁ 7.5 MPa Y9N UNDILY DN C 2801

A

V9UNA VG 68 ANUNIIA 68 mm /sec

NAUTAN | |150naT1a1u 1884 KN | LI9NATUNIM 3.042 kN | H34AATUIM 7.130 KN
13904 U3Y | 139nA U39 | 13904 139

mm | % | A | % | @y | duau | % | andu | suaem | % | aina
(kN) N | (kN) N | &N JUN)

1 | 125 | 196 |[13.06| 0523 | 4.08 |27.21| 0.515 742 | 4949 | 3.532
2 | 250 | 203 |13.56| 27.047 | 424 |2825|29.407 | 7.71 |51.39| 39.350
30375 | 211 |14.07] 26570 | 439 [2930 | 29.524 | 7.99 |53.30 | 43.150
4 1500 | 219 |1457| 26332 | 455 |3035|29.522 | 828 |55.20| 42.200
5 | 625 | 226 |15.07] 26690 | 471 |31.39| 27742 | 857 |57.10 | 42.200
6 | 750 | 234 | 1557 26.690 | 4.87 |32.44 | 30597 | 8.85 |59.01 | 41.250
7 | 875 | 241 |16.08| 27.045 | 502 |33.48| 28812 | 9.14 |60.91 | 42.670
8 |10.00 | 249 |1658 | 27.522 | 518 |34.53| 29762 | 9.42 | 62.81 | 43.620
9 | 1125| 256 |[17.08| 27.875 | 534 |3558| 29762 | 9.71 | 64.72 | 43.150
10 | 1250 | 2.64 | 17.58 | 27.045 | 549 |36.62 | 29.049 | 9.99 |66.62 | 45.530
11 | 1375 | 271 | 18.09 | 27.047 | 5.65 |37.67 | 29.879 | 10.28 | 68.52 | 46.950
12 | 15.00 | 2.79 |[18.59 | 27.640 | 5.81 |38.72] 29.762 | 10.56 | 70.43 | 49.330
13 | 1625 | 2.86 |[19.09 | 27.165 | 596 |39.76 | 29.522 | 10.85 |72.33 | 35.550
14 | 17.50 | 294 (1959 | 27522 | 6.12 | 40.81 | 28334 | 11.14 | 74.24 | 45.530
15 | 1875 | 3.01 [20.10 | 26.690 | 628 |41.86| 29.167 | 11.42 | 76.14 | 43.620

3.01

—X

¥ ; o 2
Yugdan 15 mm = 18.75% mauﬁ’umqus‘fﬂma Blank ; 3.01 kKN = USUHagUTUNU ;

Y Y 9
100 = 20.1% MSUNBIUFUNUVDITZIZANUANMIVUZY ; 26.690 kN = n5eanyugl

v Y H v Y
Funuawnsovuglld ; 19.62 Nimm = mnsivesal5agan 2 ; 29.167 kN = ussanayugl

2 2 o d d 3
Fuaannsadugl1d naz 35.60 Nmm = mashvosaif5agai 3; 43.620 kN = ussaniugl

Y 1
yuanu lieuso

P4
=<

VU3
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~ v A o 1 QS’ é’ Aa A
MTINN N.13 Lﬁ\?ﬂﬂ‘wu"]ﬂlﬂi%Tl'lG]’E]GH‘L!\TI‘L!Gl‘L!ﬂ15a1ﬂ€|Ju§°]J’E]QllLH83J AA1100

Yy oA o 1 & ]
USINANUTNN TR0 FUNIUINMTAINIUSL)

o ¢ o A g oo
UINDALNUTUIU | LIINANUFIINNTT #enszuiums lalas lawniind Nusaduaie
aemanalse | awnvugduuuing (kN)
(N/mm’) (kN)
2.5 MPa 5.0 MPa 7.5 MPa
9.42 8.092 9.603 10.880 10.987
19.62 11.255 12.043 14.225 14.892
35.69 14.875 16.043 16.892 18.437

4 @ P o 1 ng 3 [
GI'IT!"NIﬁ n.14 L!j\?ﬂﬂwu%ﬁﬂﬁgﬂ'l?‘]@%uQWuGluﬂWiﬁ'lﬂﬁugﬂuNu‘V]@\uL@\? C1100

Y oA o 1 & 3
Ll,ﬁ\?ﬂﬂWu"]5‘17]ﬂ53ﬂ1@@%u@1uﬁ]1ﬂﬂ’liﬁ’lﬂﬁu§ﬂ

v 2 g’/ 4 Aa ~ o '
UIINAUAUFUNY | UTINANUFIINNT | drgnszanumslalas lavnind Auseduaian
memaiialse | anvugduuuind (kN)
(N/mm’) (kN)

2.5 MPa 5.0 MPa 7.5 MPa
9.42 22.196 24218 25.331 26.426
19.62 23.646 26.459 27.614 28.219
35.69 30.688 34.196 34.974 36.710
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H [ c" o 1 Qy 3 ]
ﬂ]’iNﬁ n.15 usmﬂwuﬂsﬁﬂizmm%mm“lumﬁmﬂﬁugﬂuwuwmmﬁm C2801

Y o o 1 & 3
Llﬁ\?ﬂﬂwu“])'ﬁﬂ§$ﬂ1ﬂ@“HuﬁWuﬁ]Wﬂﬂ'ﬁa']ﬂﬁugﬂ

S A Y I
UINDALNUTUNU | LSINANUFIINNTT #enszuiums lalas launiind Nusaduane
Mmemaanalss | andugduuulng (kN)
(N/mm’) (kN)
2.5 MPa 5.0 MPa 7.5 MPa
9.42 13.874 14.391 16.936 26.597
19.62 16.916 18.501 20.486 28.481
35.69 29.014 30.598 36.443 39.648

d' d‘ d' ] a A [ ds! 9 [
M1319N n.16 mmwmmﬂaﬂuuﬂawmuwuagmuﬂu AA 1100 wmmﬁsuugﬂ AYLIINY

11311 2.5 MPa-7.5 MPa ttagmadn a3 e 9.42 N/mm’

AMAINaYT9 9.42 N/mm’
o 1 [ é! 9 a 4
ALNUINTIA 3 \ msandugilaenszuaums lalaslauiindg
msanvugluuuilng
2.5 MPa 5.0 MPa 7.5 MPa

1 0.481 0.479 0.478 0.451

2 0.493 0.511 0.502 0.513

3 0.443 0.448 0.472 0.455

4 R X X X

5 X X X X

6 X X X X

v
WUBINA (x A0 FUINLNANTANVIA , Fail )
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d' d‘ d' 1 Aa A 1% dy 9 [
139N n.17 mm‘nmmﬂaauuﬂawmuwuagmuﬂu AA 1100 wmmﬁsuugﬂ AYLIIAY

131U 2.5 MPa-7.5 MPa tazmMadnas s 19.62 N/mm’

AAaNa139 19.62 N/mm”
o ] [ da! 9 a 4
AULHUINITIA 2 - msanduglaenszuaumslalaslauiind
maanvugduuvilng
2.5 MPa 5.0 MPa 7.5 MPa

1 0.456 0.450 0.469 0.455

2 0.462 0.466 0.498 0.484

3 0.426 0.448 0.478 0.467

4 X X X X

5 X X X X

6 X X X X

v
HUGS (x A0 FUNUNANMIRNVIA , Fail )

d' d' d' 1 Aa A [ zg 9 [ 9.! [y}
713191 n.18 mmwmmﬂaﬂuuﬂawmuwuagmuﬂu AA 1100 wmmﬁmugﬂ AYUINAUUIUY

2.5 MPa-7.5 MPa Lazaadna1f5a 35.69 N/mm’

AAINE139 35.69 N/mm’
o ] [ zg 9 a 4
ANUINTIA 3 N myanduglaenszuaumslalaslawniing
msanvugduuvilng
2.5 MPa 5.0 MPa 7.5 MPa

1 0.469 0.462 0.448 0.466

2 0.476 0.494 0.510 0.497

3 0.419 0.467 0.471 0.455

4 X X X X

5 X X X X

6 X X X X

Y
UYL (x ﬁ’ﬂ FUNUNANTANVIA , Fail )
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4
o w

d' d‘ d' ] [} dy 9 1%
M3199 1.19 Anunnnasuudasvesununowas C 1100 ﬁﬁ\if‘lﬁ“llug‘ﬂ AYLLINAUUTY

2.5 MPa-7.5 MPa tazmadna139 9.42 N/mm’

AAaNa399.42 N/mm’
o ] [ da! 9 a 4
AU UINTIA p _ | msandugidienszuiunslalas lawniing
maanvugduuvilng
2.5 MPa 5.0 MPa 7.5 MPa

1 0.483 0.479 0.480 0.478

2 0.488 0.480 0.500 0.493

3 0.463 0.463 0.461 0.462

4 X 0.463 0.461 0.462

5 X 0.515 0.520 0.490

6 X 0.515 0.520 0.490

v
HUGS (x A0 FUNUNANMIRNVIA , Fail )

b4
o w

d' d' d' 1 [} dy 9 [
M9197 0.20 ANurninNasuulasvearunoas C 1100 ‘Hﬁ\iﬂﬁ‘lﬂ!qﬁjﬂ AYLLINAUUTY

2.5 MPa-7.5 MPa Lazaadna5a 19.62 N/mm’

Anana3e19.62 N/mm’
o ] [ zg 9 a 4
AN IA 3 _ | msamdugiarenszuaums lalas lawniing
msanvugduuvilng
2.5MPa 5.0 MPa 7.5 MPa

1 0.474 0.481 0.456 0.512

2 0.503 0.524 0.514 0.525

3 0.451 0.433 0.435 0.443

4 X 0.434 0.436 0.444

5 X 0.524 0.505 0.507

6 X 0.524 0.505 0.506

Y
UYL (x ﬁ’ﬂ FUNUNANTANVIA , Fail )
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4
o w

d' d‘ d' ] [} dy 9 1%
M99 n.21 anunnnlasuudasvesununowas C 1100 ﬁﬁ\if‘lﬁ“llug‘ﬂ AYLLINAUUTY

2.5 MPa-7.5 MPa tazaaana13a 35.69 N/mm’

AAINT1/5935.69 N/mm’
o ] [ da! 9 a 4
AUNUINIIA p _ | msandugidienszuiunslalas lawniing
maanvugduuvilng
2.5 MPa 5.0 MPa 7.5 MPa

1 0.474 0.457 0.478 0.484

2 0.481 0.482 0.482 0.486

3 0.435 0.421 0.447 0.450

4 X 0.421 0.447 0.450

5 X 0.505 0.508 0.495

6 X 0.504 0.509 0.495

v
HUGS (x A0 FUNUNANMIRNVIA , Fail )

d' A = 1 A @ dy Y [ g @
M99 1.22 anuninnasuulasvosuriunowriaos C2801 ﬁﬁ\iﬂTiﬂJugﬂ AWUINAUUINY

2.5 MPa-7.5 MPa tazmadna13e 9.42 N/mm’

Anana3e9.42 Nimm’
o ] [ zg 9 a 4
AN IA 4y _ | myandugildenszuaumslalas lawniing
maanvugduuvilng
2.5MPa 5.0 MPa 7.5 MPa

1 0.465 0.472 0.463 0.475

2 0.492 0.496 0.512 0.504

3 0.456 0.457 0.468 0.474

4 0.455 0.459 0.472 0.475

5 0.498 0.517 0.530 0.522

6 0.498 0.517 0.530 0.521
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d' A = 1 A [ dy k) [ g o
M990 n.23anuninnlasunasvesuriunowraos C2801 wmmﬁﬂlugﬂ AYUINAUUIUU

2.5 MPa-7.5 MPa tazaadnadsa 19.62 N/mm’

AAIN39 19.62 N/mm’
o ] [ da! 9 a 4
AUNUINIIA p _ | msandugidienszuiunslalas lawniing
maanvugduuvilng
2.5 MPa 5.0 MPa 7.5 MPa

1 0.443 0.445 0.442 0.453

2 0.491 0.502 0.512 0.528

3 0.462 0.457 0.433 0.458

4 0.463 0.457 0.434 0.459

5 0.516 0.483 0.514 0.512

6 0.516 0.483 0.513 0.511

d' A = 1 A @ da! Y @ g o
M99 1.24 aAnunnnasuulasvosuruneurass C2801 ﬁﬁ\iﬂ"lﬁ‘llugll AWULINAUUIUY

2.5 MPa-7.5 MPa tazmnanadsd 35.69 N/mm’

AnaNa1535.69 N/mm’
o ] [ g 9 a 4
MUK UINIIA 3 _ | asawndugdaenszuaumslalas lawniing
maanuugdunvilng
2.5 MPa 5.0 MPa 7.5 MPa

1 0.470 0.440 0.463 0.466

2 0.487 0.509 0.525 0.495

3 0.468 0.434 0.444 0.453

4 0.457 0.434 0.444 X

5 0.483 0.480 0.525 X

6 0.483 0.480 0.525 X

Y
LN 1Y) (x ﬁ’ﬂ FUNUNANTANVIA , Fail )
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v Y H y
A15199 n.25 'ﬁﬂ‘}elil!%ﬂ??ﬂlﬂ%ﬂﬂﬂlﬂﬂ‘ﬁﬂﬂ?ﬂllwuﬂgNlﬁﬂﬂ AA 1100 NUSINATUIIY 1.884 kN

anvazveImsnlasunlasgilsn

47! =S = 3
ﬂﬁ%ﬂﬂuﬂ'liéllugﬂ ANWUATEATDI (%) ANwATIANan (%)
Y Y o 9 Y Y v 9
NANDW | YDUDY WNDY | NANDIY | UBUDIY AHNDIY
myanvugdunulnd | 2.990 12.000 | 29.194 | -3.119 | 11.000 | -19.845
25MPa | 2238 14.000 | 26443 | -2.394 | 12.000 | -14.000
NITUIUNIT
50MPa | 2.340 13.000 | 27334 | -1430 | 16.000 | -16.000
HDD
75MPa | 3.196 12.000 | 29.003 | -1.294 | 13.000 | -16.000

v 9 H v
M3 1.26 ANHAULANINIATIAVOIFUIUHHUDUINEN AA 1100 NUTINATUIIY 3.942 kKN

anvazveanslasuuilasgiing

nFzUAUMIYUFL ANUIATEATOI (%) ANWATEAKAN (%)
Y Y o 9 Y Y v 9
NANDWY | VDUDWY AUNDY | NANDIY | UBUDIY AHNDIY
myamnaugluuuled | 2211 12.000 | 29.194 | -1.665 11.000 | -19.845
25MPa | 2227 14.000 | 26443 | -1.649 | 12.000 | -14.000
NITUIUNIT
50MPa | 2.239 13.000 | 27334 | -1.635 | 16.000 | -16.000
HDD
7.5MPa | 2.161 12.000 | 29.003 | -1.880 | 13.000 | -16.000

v 9 H v
15199 n.27 amgmzﬂamm’%&mawmmuwuegmﬁfm AA 1100 NUSINATUIU 7.130 kKN

anvazveamalasunlasgisng

d%‘ ~ ~ [
ﬂi%‘]JTJ‘L!ﬂ”Iiﬁng‘]J ANUATEATON (%) ANUATYIAVAN (%)
Y Y v 9 Y Y v 9
NANDW | VDUDIY ANDY | NANDIY | UBUDIY AHNDIY
msanvugluunled | 2218 12.000 | 29.194 | -1.411 11.000 | -19.845
25MPa | 2344 14.000 | 26443 | -1.500 | 12.000 | -14.000
NITUIUNIT
50MPa | 2253 13.000 | 27.334 | -1.397 | 16.000 | -16.000
HDD
75MPa | 2476 12.000 | 29.003 | -1.608 | 13.000 | -16.000
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v 9y 4 Y
A15199 N.28 ANHULANNIATIAVDIFUNULAUNOILAT C1100 NUTINATUIIY 1.884 kN

anvazveImsnlasunlasgilsn

47! =S = 3
ﬂﬁ%ﬂﬂuﬂ'liéllugﬂ ANWUATEATDI (%) ANwATIANan (%)
Y Y o 9 Y Y v 9
NANDW | YDUDY WNDY | NANDIY | UBUDIY AHNDIY
myanvuglunulnd | 3.439 9.826 27.842 2.747 7.850 | -10.039
25MPa | 3.483 9.953 30.786 1.985 5.672 -9.284
NITUIUNIT
50MPa | 3.595 10273 | 29.408 1.985 5.672 -8.933
HDD
75MPa | 3.478 9.936 32.608 2.150 6.143 -7.333

v Y ' Y
ﬂ"li"lﬂﬁ n.29 aﬂymzmmm%mawmmuwumqLL@N C1100 ﬁlli\iﬂﬂ"]ﬂl\ﬂu 3.942 kN

anvazveanslasuuilasgiing

nFzUAUMIYUFL ANUIATEATOI (%) ANWATEAKAN (%)
Y Y o 9 Y Y v 9
NANDWY | VDUDWY AUNDY | NANDIY | UBUDIY AHNDIY
myamnugluouilnd | 4.508 12.879 | 29.408 2.072 5.921 -8.933
25MPa | 3.478 9.936 | 29.408 2.150 6.143 -8.933
NITUIUNIT
50MPa | 4.436 12.673 | 30.786 1.976 5.646 -9.284
HDD
7.5MPa | 3.772 10.778 | 29.543 2.077 5.934 -9.575

v 9 4 Y
A15199 N.30 ANHULANNIATIAVOIFUNULAUNOWAT C1100 NUTINATUIIY 7.130 kN

anvazveamalasunlasgisng

d%‘ ~ ~ [
ﬂix‘]JTJ‘L!ﬂ”Iiang‘]J ANUATEATON (%) ANUATYIANAN (%)
Y Y v 9 Y Y v 9
NANDW | VDUDIY ANDY | NANDIY | UBUDIY AHNDIY
msanvuguuiled | 11278 | 22.000 | 30.786 6.401 12.000 | -9.284
25MPa | 11.997 | 23.000 | 32.608 | 6.689 14.000 | -8.333
NITUIUNIT
50MPa | 12140 | 22,000 | 32.608 | 5.510 13.900 | -8.633
HDD
75MPa | 11935 | 23.400 | 33.809 | 7.001 13.600 | -12.884
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v Y ' Y
A15199 n.31 'ﬁﬂ‘]emlgﬂ’]']iJLﬂ%fJWlJfJ\‘l‘]ﬂN']HLLWHVI@QL‘Viﬁﬂ\‘] C2801 NUSINAFUITU 1.884 kN

anvazveImsnlasunlasgilsn

47! S G %
ﬂﬁ%ﬂﬂuﬂ'liéllugﬂ AITULATIN T O (%) ANULATYIAIAN (%)
) 9 v 9 ) 9 v 9
NANNY VDU Y WUHIDY NANNY VDUD Y HWUHINY
myanugduuuilnd | 3.1056 10.7000 | 42.0168 | -4.0176 | 9.8000 | -10.5168
25MPa | 4.5976 | 11.7000 | 44.9584 | -6.0448 | 7.8000 | -11.1696
NITUIUNIT
50MPa | 6.8288 | 12.6200 | 41.5640 | -4.4696 | 10.7800 | -12.0320
HDD
75MPa | 4.5024 | 13.8670 | 42.5400 | -6.1720 | 9.6690 | -9.3640

v Y ' Y
ﬂ"li"lﬂﬁ n.32 aﬂymzmmm%@mawmmuwumqmﬁm C2801 ﬁlli\iﬂﬂ"]ﬂl\ﬂu 3.942 kN

anvazveanslasuuilasgiing

nFzUAUMIYUFL ANUIATEATOI (%) ANWATEAKAN (%)
Y Y o 9 Y Y v 9
NANDWY | VDUDWY AUNDY | NANDIY | UBUDIY AHNDIY
myanugduuuind | 3.4448 | 22.0000 | 44.8080 | 3.7680 | 18.0000 | -11.5520
25MPa | 4.1240 | 21.5000 | 42.3280 | 5.2880 | 17.0000 | -9.1280
NITUIUNIT
50MPa | 43000 | 19.0000 | 42.0880 | 5.5000 | 18.0000 | -9.9024
HDD
7.5MPa | 53496 | 17.0000 | 42.2040 | 3.3312 | 18.0000 | -11.5320

v 9 H Y
A15199 1.33 BNHULANULATIAVDIFUNUUNUNBIN DY C2801 NUSINAFUITU 7.130 kN

anvazveamalasunlasgisng

d%‘ = = %
ﬂix‘]JTJ‘L!ﬂ”Iiang‘]J ANUATEATON (%) ANUATYIAVAN (%)
Y Y v 9 Y Y v 9
NANDW | VDUDIY ANDY | NANDIY | UBUDIY AHNDIY
msanvugluuled | 8.998 25.000 | 42.844 6.444 | 26.000 | -7.792
ATEUIUMS | 25MPa | 8234 | 24000 | 42524 | 8575 | 26000 | -12.492
HDD 50MPa | 7.092 | 23.000 | 42.844 | 8932 | 26.000 | -12.872
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This report is certified only on the sample tested. This report shall not be reproduced except in full, without approval of the Thailand Automotive Institute
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This report is certified only on the sample tested. This report shall not be reproduced except in full, without approval of the Thailand Automotive Institute
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®

Petroleum Products and Alternative Fuels Research Department
PTT Research and Technology Institute
PTT Public Company Limited

71 Moo 2 Phahonyothin Rd., Wangnoi, Ayutthaya 13170 Tel. 0-2537-3000 Ext. 8183, Fax. 0-2537-3000 Ext. 8146

CERTIFICATE OF ANALYSIS

Company/Customer’s Name : wmgnnuai usiiis
Address : 53/86 wy 1 a.508n a.5ayy3 2.lusail 12110

Certificate Number COA-FLD-12-0016 Page Number lof1

Test Request ID EXT-12-0013 le Received Date 25-Apr-2012

Sample ID FLD-LB-12-0500 le Condition Excellent

le Name VG 32 Operator’s Name PS

Item Property Date of Test Unit Test Method Result
1. | Viscosity at 40 oC 27-Apr-2012 mm2/s ASTM D445-09 34.43
Remark :
Reported By : Mr. Chetwana Rungwanitcha Approved By : M 7

Date of Issue :

( Mr. Wichian Tantithumpoosit )

27-Apr-2012

This certificate of analysis is referred to only submitted sample(s). It is your responsibility to use herein results in any purposes.
This certificate shall not be reproduced, except in full, and herein results shall not be used for advertising or public relation without
the written approval of the Specialist or Vice President.

FR-RTI-SP-023-001
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PTT Research and Technology Institute

( Petroleum Products and Alternative Fuels Research Department
‘ PTT Public Company Limited

71 Moo 2 Phahonyothin Rd., Wangnoi, Ayutthaya 13170 Tel. 0-2537-3000 Ext. 8183, Fax. 0-2537-3000 Ext. 8146

CERTIFICATE OF ANALYSIS

Company/Customer’s Name : wgnauan ussiming
Address : 53/86 wy 1 a.398a a.80yyd a.alyusifl 12110

Certificate Number COA-FLD-12-0017 Page Number lof1

Test Request ID EXT-12-0013 le Received Date 25-Apr-2012

Sample ID FLD-LB-12-0501 |Sample Condition Excellent

Sample Name VG 46 Operator’s Name PS

Item Property Date of Test Unit Test Method Result
1. | Viscosity at 40 oC 27-Apr-2012 mm2/s ASTM D445-09 44.49
Remark :

Reported By : Mr. Chetwana Rungwanitcha Approved By : //{ 7—

( Mr. Wichian Tantithumpoosit )

Date of Issue : 27-Apr-2012

This certificate of analysis is referred to only submitted sample(s). It is your responsibility to use herein results in any purposes.
This certificate shall not be reproduced, except in full, and herein results shall not be used for advertising or public relation without

the written approval of the Specialist or Vice President.

FR-RTI-SP-023-001 Revision 3 10/05/53
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®

Petroleum Products and Alternative Fuels Research Department
PTT Research and Technology Institute
PTT Public Company Limited

71 Moo 2 Phahonyothin Rd., Wangnoi, Ayutthaya 13170 Tel. 0-2537-3000 Ext. 8183, Fax. 0-2537-3000 Ext. 8146

CERTIFICATE OF ANALYSIS

Company/Customer’s Name : wgnauen ussiviie
Address : 53/86 wi 1 a.308n a.80yy3 3. 10vusfl 12110

Certificate Number COA-FLD-12-0018 Page Number 1of1
Test Request ID EXT-12-0013 pl ived Date 25-Apr-2012
Sample ID FLD-LB-12-0502 le Condition Excellent
le Name VG 68 Operator’s Name PS
Item Property Date of Test Unit Test Method Result
1. | Viscosity at 40 oC 27-Apr-2012 mm2/s ASTM D445-09 52.81

Remark :

Reported By :

Mr. Chetwana Rungwanitcha

Approved By :

Date of Issue :

KT

( Mr. Wichian Tantithumpoosit )

27-Apr-2012

This certificate of analysis is referred to only submitted sample(s). It is your responsibility to use herein results in any purposes.
This certificate shall not be reproduced, except in full, and herein results shall not be used for advertising or public relation without
the written approval of the Specialist or Vice President.

FR-RTI-SP-023-001
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210 5 W § 15 W, ludandun1sanaugl (Drawing Ratio:DR) iy 1.8 Tagdunwiulanzuan
NANIMAN 3 TilaAa NBILAI INA C1100 NBIWAad INTA C2801 UAaRNLALN LNTA AAT100 AUWW
a_a o & ) i a ia P
0.5 UARNAT UIINALNUTUIU (Blank holder force) 1HUsI9NNIINavaIgUSILIRNN NRAaNaUT
Wiy 9.42, 19.62, 35.69 N/mm ( L=125 mm, D = 27 mm ) @axNA33 % JIS B 5012 UAZUTIAUVDI
v . = v gl : oo o -
iaulaasednmuluudAuWn 25, 50 wae 75 115 HEMTANHINLIILIINALHUTUNUAANEENEIATY

& Y & o (4 P 1% & a
mInniuglisgns 3 sitafa 19.62 N/mm wazilewSouifisununsamnaugldnuuuind wadioudnis
P o & o A ° a A a “ P ' I3 i3
wisuwwlasnnumuzesmiiiuuiasngadmivegiiioufia 6.75 wWailoud nasuas 5.05 lasiaud
UaTNedwmaed 4.25 iasiaud
° [ & “ a_ & v s & A\ 2
Anan mimnmugﬂan"la‘[m'lﬂumna AANFMNIANIUZL USINAUHKTUIY,

Abstract

The purpose of this research was to study the effect of hydrodynamics deep drawing process in non-
ferrous alloys. A cylindrical cup specimens of 45 mm in diameter with flange 5 mm and 15 mm in depth
(Drawing Ratio: DR) equaled to 1.8 , Materials were composed of three types of non ferrous alloys.
Copper C1100 Brass C2801 and Aluminum AA1100 0.5 mm in thickness. Blank holder force derived by
pressure of the spring force of the pressing mold. The spring constant of 9.42, 19.62, 35.69 N/ mm (L =
125 mm, D = 27 mm) according to JIS B 5012 Coild helical spring for press dies and pressure of
hydraulic oil in Chamber at 25,50 and 75 Bar. The study results showed that the appropriate Blank
holder force for deep drawing with the three types of materials was 19.62 N / mm Moreover, In
comparison to the conventional deep drawing, It was found that the least change of percentage in
thickness of working piece walls for aluminum was 6.75 percent Copper was 5.05 percent and brass was
4.25 percent, respectively.

Keywords: Hydrodynamics Deep Drawing, Drawing Ratio, Blank Holder Force
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