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Rotating Bending Fatigue Testing of Aluminum Alloy ( AC8A )

at High-Temperature

by Mr.Sujit Chatkulkawin
Mr.Sukhum Thumrongpornsawat
Mr.Apisit Chansamorn

Asistant Professor Pornsak Attavanich (Adviser)

Abtract

The heat Resisting Aluminum Alloy which widely
used in automobile engine piston. Recently, important
property as fatigue strength of this alloy at actual
applications have not or less data. So that discussion of
its rotaling bending fatigue testing at high-temperature is
necessary to faYouruble applications of the materials.
Including fracgraphy, Lensile test and surface roughness.
In order to compare wilh room temperature testing. This
thesis involves fatigue limit and relation of bending

stress to faligue life or cycle of failure
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Grade Designation Category [Classification Referonce
gna of alloy of mold Equivalent Specific feature Example of
name of alloy of alloy application
Aluminium alloy ACTB Al-Mg alloy | Metul mold. |AA 520.0 Superior corrosion | Optical instrument
casting sand mold. resistance, frame, case,
Grade 7 B shell mold good mechanical pro-| aircraft parts,
“ perties, however, parts of
poor castability. airframe for
Due 1o aged deterio~ | aircraft
ration, especially,
elongation reduces.
Aluminium alloy ACB A Al-Si-Cu Metal mold AA F332.0 Superior heat re- Automaobile piston,
casting =Ni-Mg sistance, good ab- Diese! engine pis-
Grade 8 A alloy rasion resistance, ton, marine engine
low coefficient of piston, pulley,
thermal expansion, bearing
high tensile strength,
Aluminium alloy ACBB Al=-Si-Cu Metwal mold Superior heat re- Automobile piston,
casting -Mg alloy sistance, good ab- pulley, bearing
Grade 8 B rasion resistance,
low caelticient of
thermal expansion,
high tensile strength,
Aluminium alloy ACB8C Al-Si-Cu Metal mold AA A332.0 Superior heat re- Automobile piston,
casting ~Mg alloy sistance, good ab- pulley, bearing
Grade 8 C rusion resistance,
low coefficient of
thermal expansion,
high tensile strength,

m111«# 1.1 Classififation of Aluminium Alloy
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'\ Desig- Chemical composition %

natien ey Si Mg Zn Feo Mn Ni Ti Pb Sn Cr Al
0. 10 0.20 1.5 to 0.15 0,30 0.6 0.0% O, 2 0.0% 0.0% 0.1

ACT A Max. mux. 5.% hax. max. [© mas. mux. mux. maa. Mmux. max, Residual
0.10 0.20 9.5 w0 0.10 0.30 0.10 0.05 0.20 0.05 0.05 0.1% .

ACTH max. max. 11.0 max. max. max. Mmax . max. max. mux. max. Residual
0.81to 11.0to|0.710 |0.15 0.8 0.15 0.8to (0.20 0.0% 0.05' 0.10 R

ACB A 1.3 13.0 t.3 X . max. max. 1.5 max. max. max. max. Residual
2.0t0 [8.5t0 |0.50 10 0.50 1.0 0.50 0.10to | 0.20 0.10 0.10 0.10 .

(o . '
ACB B 1.0 10.5 1.5 max. nax. max. 1.0 mux. maXx. max. mux. Rexidual
ACB C 2.0te |8.5t0 {0.50to 0.50 1.0 0.50 0.50 0.20 0.10 0.10 0.10 Residual
4.0 10.5 1.5 max. max. max. mux. mix. mix. max. max. s ldua

0.50to |22 to 0.50 t0 | 0.20 0.8 0.50 0.50t0/0.20 0.10 0.10 0.10 .

AC9 A 1.5 24 1.5 max. max. max. 1.5 max. max. max. max. Residual
0.50t0 |18 10 0.5010(0.20 0.8 0.50 0.50t0{0.20 G.10 0.10 0.10° .

AC9 B 1.5 20 1.5 max. max. max. 1.% mux. max. max. max. Kkesidual

Remark: Vanudium and bismuth shall be

bismuth, and those

up to and including 0.05 .

not spucified in Tablu 2 should be anulyz

However, such clements os vanadiunm,

< ] o~
A9 1.2 d?“ﬂ?vﬂﬂUﬂqﬂlﬂNﬂﬂQﬂ?ﬂlNﬂNNﬂﬂ

ed only when roquested by the purchasor,

Cu

Si

Mg

Zn

Fe

Ni

Ti

Mn

1.01

11.71

0.08

0.09
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Tensile test Reference
Grod Subdivision of Dosig- Tensile Elon- Brioel! Heat treatmont
rode quality nalion strength | gution | hardness
Annealed Solution treated Tuempered
kgymrq)? % HB(10/
{N/mm?) 500/30) Temp. *C | Period h| Temp. °C | Period h | Temp. °C | PPeriod h
Grade {As cast AC 17 A-F 22 min. |12 min.{Approx.
TA {216 min.) 60
Solution treated, | AC7 I-T 4 30 min. |10 min.|Approx. Approx. [Approx.
Grade |and quenched { 294 min.} 75 430 18
T8 l(air cooling)
Az cast AC 8 A-F 18 min. — Approx.
{117 min.} 85
Tempered AC B A-T 5 20 min. - Approx. Approx. | Approx.
Grade {196 min.] 90 200
Solution treated, | ACB A-T 6 28 min. - Approx. Approx. | Approx. |Apprux. | Approx.
and quenched and {275 min.} 10 510 4 170 10
tempered
As cast AC 8 B-F 18 min. - Approx.
( 177 min.l 85
Grade | Tempered AC 8 B-T 5 19 min. - Approx. Appros. | Approx.
8B {186 min.} 90 200 4
Solution treated, | AC8 B-T 6 28 min. - Approx. Approx. [Approx. |Approx. {Approx.
and quenched and {275 min. ) 110 510 4 170 10
tempered
As cast AC 8 C-F 18 min. — Approx.
(177 min.) 85
Grade | Tempered AC8C-TS 21 m!n. - Approx. Approx. |Approx.
8 C {206 min.} 20 200 4
Solution tfeated, | AC8 C-T 6 28 min. - Approx. Approx. | Approx. |Approx. |Approx.
and quenched and {275 min.) 110 510 4 170 10
tempered
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Q’L e IFJ

Unit; mm

Diameter Gauge length | Paralie] length | Radius of fillet
D L P R

14 50 approx. 60 15 min,

Remarks 1, The parallel portion of this test piece shall be
machine-finished. However, that of malleable
casting shall, as a rule, not be finished.

2. If the test piece of the dimensions ag specified
in Fig. 4 can not be obtained, the diameter of
paraltel portion and the gauge length may be
determined in accordance with the formula
L 2 4/X, where A is the crous-sectional area
of paralle] portion.
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2.1 N19a" NN Bending Stress

MISATUINKY  Bending  Stress a00uVIEvngdnywe vy

tadavfinanasnaasundananasuraniunduasfn Bending Stress jull 2.1

1Y 1 g

Cudnsaz o cadoehafiuntanaanviuadefl  (Souifiu Diagram t1HEeE

: TP

A (Specimen)

L
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sufl 2.1 tAfaunadaun g IunIun 15

VINGANIS0EINAY Bending Stress 1ddvil

N*IMURA Distence Between Load Supporting Point @ L cm(20 cm)
Weight : W kg
DiamitLer of Specimen o doem
Unitorm Bending Stress : M kgt/cm

Bending Stress given Lo specimen i8S kgf/cmz
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814 M = WL/2 (1)
s =  32M/d3
= 320W/d3

= 101.81w/d3 kgf/cm?
= 9982.18W/d% MPa (2)
x (aqudu One'high temperature rotary bending fatigue Lesting

machine model H7 #ld1 L = 20 )%

2.2 n1idtassifoya

doyafidarnnysneany  H%wuunan waziingnis3rndueanty

LT}
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Pr(Zy) - Pr(Zy)
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Z = X -X
31617 x = X+ 2y 490 (3)
. X 20 (4)
i x Liud e fayatiarniag iy
X Budadunavfoya
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doufl

suit 2.3
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a1 nduius 1auifn19nnidon ( Regression analysis )
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3 (2)

R Sp bending stress (MPa)

N = number of cycle

|73 i .
NINI5 take Ln wvaavtv o Ouaunitsidunsy
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1]

IlnA + BlnN

!

lnSB

FNIT0UIAT B 1aaY

B = Ylnsp.lnN -nlnN.tlosg!
(lnN)2 - n(x)? (3)
InA = Insy = B.LnN (£0),

A7UAT R MTAIINANNNS

R = n.&lnsg.lnN - (KlnN)2 (5)

(n.t(lnsp)2-(tlnsy)?
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- Test mode single tention
- Test speed 0.10 mm/min
- Lraverse speed 50.0 mm/min

- Relurn position 5.00 mm

- Record mode X-p
- X-axis load
~ Load cell 10000 kgf

- F/S load 5000 (*) kgf
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Weight (kg Stress (Mpa)
3.0 58.59
3.5 68.36
4.0 78.12
4.5 87.89
5.0 97.658
5.5 107.42
6.0 117.18
6.5 126.95
7.0 136.71

mwswo# 5 Bending Stress
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No.1 No, 2
Maximum Load (kgl) 2849.6 | 3213.4
Elongation (mm) 3.8220 | 4.5330
Maximum stress (kegf/mm2) 18.51 20.82
Maximum stress (MPa) 181.54 | 204.22
Strain (%) 7.6440 9.0660

A7579Y 3.2 MR INNISNASAUILS AN

5nﬁmxnaqnstQxLﬂuﬁthﬁ 3¢
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NO Specimen load Number of Cycile
No. tikg) to l'ailure

1 — 3.0 10 000 000

2 08 4.0 G1 500

3 . 09 4.0 5563 500

4 11 4.0 2 937 200

5 \ N4 4.0 1 402 600
-8B 18 1.0 714 100

T 21 1.0 721 400 , '

8 10 4.0 891 600

9 12 4.0 4 617 900 )
10 16 4.0 1 852 100 1 )

4
19740 3.4 WanIInadaun1Ta

(%]



No Specimen load Number of Cycle
No. (kg Lo failure
11 Ly 4.0 8 635 100
12 30 4.5 1 283 000
13 31 4.5 591 200
14 32 4.5 495 000
15 30 4.5 368 500
16 38 4.5 864 000
17 +004 4.8 275 400
bight 44 4115 160 900
19 #00% 5.0 390 100
20 01 5.0 350 300
21 02 5.0 197 400
22 04 50 180 200
23 ’ 05 5.0 170 400
29 06 5.0 109 200
b 10 5.0 LYy J0u
240 36 5.5 945 400
27 39 5.5 240 800
28 45 5.5 185 G0O
29 24 6.0 136G 600

Y
19190 3.4 HANVINARAUNITRY (RB)
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No Specimen load Number of Cycle
No. (kg) Lo failure
30 25 6.0 152 800
31 26 6.0 46 300
$2 27 6.0 66 900
33 28 6.0 70 300
34 41 . 6.5 82 500
15 44 6.5 68 300
46 36 8.5 52 100
87 42 6.6 85 200
38 37 6.5 94 400
39 31 7.0 15 400

4 1 24 ]
AAITINN 3.4 HANVINATAUNITRY (Ad)
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DATA OF BENDING STRESS
RELIABILITY 100 %

InS*inS

InN*¥]1nN

Ins*)nN

24.18536
23.46195
24.46195
23.46195
23.46195
23.46195
22,69294
22.649294
22.69294
22.69294
22.69294
22,69294
21.87152
21.87152
21.87152
21).98913

'20.96913

20.98913
20,98913
20.98913
20,98913
20.98813
20.03483
20.03483
20.03483
20,03483
20.03483
20.03483
20.03483
18.99430
16.99430
14.90430
18.949430
L&8.99430
18.99430
18.99430
16.99430
18.99430
18.99430
18.99430

92.97053
128, 8850
L17,9595
128.1549
131.2238
123.9139
122.1572
142.4579
115.4098
123,4533
124.5573
139.8261
153.5547
147.1696
189.3200
148.6689
143.4704
147.7514
165.7439
146.4541
162.9846
145.1038
156.,9001
143.7250
164.2805
176.6216
171.9327
197,8161
187.47686
121.5501
206.2717
187.4611
221.8004
181.9517
235.4828
174.8746
187.71114
200.3311
255.0838
181.6774

47.41862
51.94995
52.60762
54.83397
55.48663
53.91904
52.65080
56.85763
51.17606
52.92937
53.16552
56.32999
57.95236
56.73467
64.34841
55.86082
54.87550
55.68819
58.98153
55.44316
58.48851
56.18697
56.06665
53.66104
57.37014
59.48602
58.69109
62,95405
61.28674
48.057417
62.60746
58.67166
64.00721
58.78815
66.87925
57.63352
59.71134
61.68591
69.60705
58.74383

839.3725 6396.187 2294.023

SPEC WEIGHT BENDING NUMBER OF InS 1nN
NO (kg) STRESS FAILURE
{1na)
34 7 136.714 15400 4.917861 9.642122
42 6.5 126,945 85200 4.643753 11.35275
36 GO 126,944 52100 4.843753 10.66092
41 6.5 126,945 82500 4.843753 11.32055
317 6.5 126.945 94400 4.643753 11.45529
43 6.5 126.945 68300 4.413753 11.13166
29 6 117.18 63100 4.763711 11.05247
25 6 117.18 152600 4.763711 11.93557
26 6 117.18 46300 4.763711 10.74289
217 6 117.18 66900 4.763711 11.11095
28 6 117.18 70300 4.763711 11.16052
24 6 117.18 136600 4.763711 11.82481
a9 5.5 L07.415 240800 4.676699 12.391172
45 5.5 107.415 185600 4.676699 12.13134
36 5.5 107.415 945400 4.676699 13.75936
2 5 97.65 197400 4.581389 12.19298
[ 5 97.65 159200 4.581389 11.97791
10 5 47.65 190100 4.5813489 12.15530
- 5 97.65 390100 4.581389 12.87415
4 5 97.65 160200 1.581389 12.,10182
1 5 97.65 350300 4.581389 12.76654
5 5 97.65 170400 4.581389 12.04590
- 4.5 87.885 275400 4.476029 12.52597
44 4.5 87.885 160900 4.476029 11.98853
a5 4.5 87.885 368500 4.476029 12.81719
31 4.5 87.885 591200 4.476029 13.28990
d2 4.5  B7.885 495000 4.476029 13.11231
30 1.5 87.865 1283000 4.476029 14.06471
38 4.5 87.885 584000 4.476029 13.69221
8 4 78.12 61500 4.358246 11.02679
16 q 78,12 1852100 4.358246 14.4318)
15 4 78.12 883500 4.358246 13.69164
1B L] 78.12 2837200 4.358246 14.89296
21 4 78.12 721400 4.358246 13.48894
12 4 78.12 4617900 4.358246 15.34545
49 4 78.12 553500 4.358246 13.22401
10 4 78.12 891600 4.358246 13.700717
14 4 78.12 1402600 4.358246 14.15343
19 1 76.12 8635100 4.358246 15.97134
18 4 78.12 714100 4.358246 13.47871
sun 183.0916 502.8844
AVG 4.577290 12.57212
STh 0.180889 1.358832
] szzzzza -0.10596
InA ====z:) 5.909520
A 368.5292
IoR  ==zz=zs2) ~5.97962
R 0.002529

AN 3.4
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DATA OF BENDING STRESS
RELIABILITY 70%

SPEC WEIGHT BENDING NUMBER OF lns

NO (kg) STKESS

FAILURE

70300
136600
240800
185600
197400
159200
190100
180200
170400
275400
160900
368500
591200
495000
884000

1852100
483500
2837200
721400
553500
891600
1402600
714100

4.843753
1.843753
4.843753
4.843753
4.763711
4.763711
4.7631711
4.763711
4.676G89
4.676699
1.581389
4.5810389
4.581389
4.581349
4.581389
4.476029
4.476029
4.476029
4.476029
4.476029
4.476029
4.358246
4.358246
4.358246
4.358246
4.,358246
4.358246
4.358248
4.358246

11.35275
11.32085
11.45529
11.13166
11.05247
11.11095
11.16052
11.82481
12.39172
12,13134
12.19293
11.97791
12, 15530
12,10182
12.04590
12.52597
11.98853
12,8179
13.28990
13.11231
13.69221
14.43183
13.69164
14.89296
13.48894
13.22401
13.70077
14.15383
13.47877

InS*ins

23.46195
23.46195
23.46195
23.46195
22.69294
22.69294
22.69294
22.69294
21.87152
21.487152
20.98913
20.98913
20.884913
20.98913
20.96913
20.03483
20.03483
20.03483
20.03483
20.03483
20.03483
16.99430
16.99430
18.99430
14.99430
18.499430
18,99430
18.99430
18.99430

LnN*1nN

128.8850
128. 1549
131.2238
123.9139
122.1572
123.4533
124.5573
139.8261
153.5547
147.1696
148.6689
143.4704
147.7514
146.4541
145.1038
156.9001
143.7250
164.2605
176.6216
171.9327
167.4766
208.2717
187.4611
221.8004
181.9517
174.8746
187.7111
200.3011
181.6774

InS*InN

54.98995
54,83397
55.48663
53.91904
52.65080
52.929317
53.16552
56.32999
57.85236
56.73467
55.86082
54.87550
55,64810
§5.44316
55.18697
56.06665
53.66104
57.37014
59.48602
58.69109
61.28674
62.89746
59.67156
64.90721
58.78815
57.63352
59.71134
61.68591
58.74383

(MPA)
42 .60 12G.945
41 5 126.945
a7 6.5 126.945
43 5 126.945
29 6 117.18
217 6 117.18
28 6 117.18
24 6 117.18
39 5.5 107.415
45 5.5 107.415
2 5 97.65
[ 5 07.65
10 5 97,65
q 5 97,65
5 ] 97.65
- .8 §7.845
14 .5 87.685
35 1.5 87.885
al 4.5 87,845
32 4.5 87.885
3y 4.5 817.8485
L6 4 78.12
15 4 78.12
11 4 78.12
21 4 78.12
9 4 78.12
10 4 78.12
14 4 78.12
18 4 78.12
S5um
AVG
STD
] )
InA )
A
InR szzrz2z)

Y- b o a o w 4 &
AN 3.6 nagaqwnn13Wﬁisnsdvuns:muaanutvﬂuu

=0, 14601
G.410400
608.0569
-5.51285
0.004034

DURNITEN
9 W @9

132.4123
4.5654943
0.174642

36J.8949
12.54810
L.069570

605.,4717

4599.367

1656.647

70 LUaS L Uue



DATA OF BENDINC STRESS
RELJABILITY 50X

—110_

SPEC WELIGHT BENDINC NUMBER OF ns InN 1nSs1nS InN*lnK  lnS*1lnN
NO (kg) STRESS FALLURE
(MPA)

RSN - 3 - :.-..--.’:-:3:::::-...:-.’--—-.:;‘--.:!‘-:-:=:8"—:_:'—:f-=:-:“s==225=-:
92 1.6 126,945 85200 4.843753 11.35275 23.46195 328.4850 54, 98095
i1 .5 126,040 OG0 A4 HA0T5) 1102065 2046106 126, 1640 G4, 84007
43 .o b 26 04D OUIUY 4. 0437060 LLISI6G 2340005 1230190 63, 01004
29 4 117.14 63100 4.763711 11.05247 22.69294 122.1572 52.65080
27 6 117.18 G600 4.763781 1111095 22.69294 123.4533 52.92937
28 [ 117.18 70300 4.763711 L1.16052 22.69294 124.5573 53.16552
34 5.5 107.415 240800 4.0676699 12.09172 21.87152 '153.5547 57.95236

2 5 97.65 197400 4.581389 12.19298 20.98913 148.6659 55.56082
10 5 97.65 190100 4.581369 12.15530 20.98913 147.7514 55.68819
q 5 97.65 180200 4.581389 12.10182 20.96913 146.4541 55.44316
35 1.5 87.885 368500 4.476029 12.81719 20.03483 164.2805 57.37014
31 4.5 87.885 591200 4.476029 13.26990 20.03483 176.6216 59.48602
32 4.5 57.885 495000 4.476029 13,11231 20,03483 171.9327 58.69109
a8 4.5 87.885 884000 4.476029 13.69221 20.03483 187.4766 61.28674
16 1 T8 b2 I852100 40058246 1433183 1899400 208.2777 62, 89746
[ | .12 BHILHO0 4.058240 1J,6816:0 18.,99430 L187.4611 59.67156
1 4 78.12 2937200 4.358246 14.89296 1K.99430 221.5004 64.90721
21 | 78.12 721400 4.358246 13.48694 18.99430 181.9517 58.74815
9 4 78.12 553500 4.358246 13.22401 15.99430 174.8746 57.63352
10 q 78,12 891600 4.358246 13.70077 16.99430 1687.7111 59.71134
14 78.12 1402600 1.358246 14.15383 18.99430 200.3311 61.68591
18 18.42 714100 4.3568246 13.47877 16.99430 1581.6774 58.74383
::::2-—:::::::;.::.:::-12:::1::::—‘::,:‘:;:-::::::::::::;=;====:::=::z;:::=:::l:'-‘:
SUM 100.0133 279.9452 455.3974 3591.948 1268.306
AVG 4.546061 12.72478
STD 0.182233 1.162026
I zzszzs -0.14615
A zzzco=x 6.405858
A 605.3814
lut =====z= -5.942717
R 0.002624

. r , 2 ) ar o4 a o o

AN 3.7 UBHAIDM ST LS AU Aua L Tady 50 LUBS L Tud
DWNNTIEN
4 v @



WEIGHT DENDING NUMBER OF 1ns InN 1InS*]1ns
(k) STRESS FA1LURE
(MPA)
20 115.52 145300 4.749443 11.88655 22.55721
20 115.52 64100 4.749443 11.06819 22.55721
20 115.52 325900 4.749443 12.70350 22.56721
20 115.62 GUYO0 4.74H494)3 1).,01698 22.55721
20 115,52 469200 4.749443 13.05878 22.55721
19 109.744 326100 4.698150 12.68495 22.07261
L9 109,744 278100 4.698150 12.53573 22,07261%
19 109.744 273300 4.698150 12.51832 22.07261
19 109.744 210600 4.698150 12.25771 22.07261
19 109.744 244000 4.698350 12.40492 22.07261
19 109.744 165100 4.698150 12.01430 22.07261
18 103.968 504200 4.644083 13.13072 21.56750
18 103.968 9687900 4.644083 13.80333 21.56750
18 103,968 421800 4.644083 12.95228 21.56750
1y 103.9648 517200 4.644083 13.15618 21.56750
18 103.9638 190900 4.644083 12.15950 21.56750
18 103.968 2858700 4.644083 14.86587 21.56750
18 103.968 247800 4.644083 12.42037 21.56750
L7 98.192 1498800 4.586924 12.20005 21.03987
17 98.182 315300 4.586924 12.66127 21.03987
17 94,192 676200 4.586929 13.42424 21.03987
17 98.192 509600 4.586924 13.14138 21.03987
17 38,192 759000 4.586924 13.53975 21.03987
17 98.192 288900 4.586924 12.57383 21.03987
16 92.416 20564900 4.526300 13.87085 20.48739
16 92.416 224000 4.526300 12.31940 20.48739
16 92.416 721800 4,526300 13.48950 20.48739
16 92.416 2169500 4.526300 14.59000 20.48739
16 92.416 1257800 4.526300 14.04487 20.48739
16 92.416 854100 4.526300 13.65780 20.48739
15 86.64 2125000 4.461761 14.56928 19.90731
15 86.64 1897100 4.461761 14.45583 19.90731
15 86.64 5505200 4.461761 15.52120 19.90731
15 86.64 1610200 4.461761 14.29186 fb.90731
15 B86.64 7656200 4.461761 15.65102 19.90731
i5 86.64 1147600 4.461761 13.95318 19.90731
tq 40.864 2877900 4.392766 14.87257 19.29641
14 80.864 5578400 4.392768 15.53441 19.29641
14 40.864 1664900 4.392768 14.32527 19.29641
I-Y}3:2A::::GL‘:::::’S!:Q:‘:BE====8=SS§S=I==B=3:!=:==J=:===
SUM
AVG 4.591613 1),.32143
STD 0.108301 1.164298
B -0.07401
1nA 5.577559
A 264.4255
InR -8.55388
R 0.000192
A15NN . 3. 8

DATA OF BENDING STKESS (ROOM TEMP.)

..1']...

RELTABILITY 100 %

141.2302
122.5050
161.3791
121.3740
170.5318
161.1619
157.1446
156.7084
150.2515
153.8821
144.3435
172.4160
190.5321
167.7617
173.0852
147.8535
220.9943
154.2657
148.8413
160.3080
180, 2103
172.6959
183.3250
156.1013
192.4004
151.7676
1681.9667
212.5683
197.2585
186.5355
212.2639
206.9712
240.9077
204.2575
251.2550
194.6913
221.1933
241.3179
205.2135

56.45452
52.56779
60.33460
52.32456
62.02196
59.64282
58.89477
58.81297
57.58659
58.28019
56.44501
60.98019
64.10384
60.15149
61.09841
56.46975
69.03837
57.68126
55.96073
58.07633
61.57599
60.27852
62.10584
57.67523
62.78363
55.76130
61.05754
66.03875
63.57131
61.814931
65.00466
64.49449
69.25191
63.76691
70.72350
62.25577
65.33176
68.23908
62.92762

IEsEasbtossang

179.0729 510.5359 822.6911 6973.832 2381.595

P+ e o o w &
Ut’)yﬂ‘vHlﬂ’]'iﬂ“’lalﬂ)dﬂuﬂﬁzbmﬁ?'lul'UPJN'M 100 LUEJ'S‘HJN
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-qy-

DATA OF BENDING STRESS (ROOM TEMP.)
RELLABLLITY 50 X

HEIGHT BENDING NUMBER OF 1nS 1nN LnS*xInS inN*lnN 1lnS*1lnN
(kg) STRESS  FAILURE
(MPA)

20 115.52 145300 4.749443 11.88655 22.5572) 141.2902 56.45452
20 115.52 328900 1.749443 12.70350 22.55721 161.3791 60.33460
20 115.52 469200 4.749443 13.05878 22.55721 170.5318 62.02146
19 104.744 278100 4.698150 12.53573 22.07261 157.1446 58.89477
19 109,744 273300 4.698150 J2,.51832 22.07261 156.7084 58.81207
19 100,744 244000 4,698150 12.40492 22,07261 153.8821 58,28018
16 103,968 504200 4.644083 13.13072 21.56750 172.4160 60.968018
15 103,948 BE7U00 4,0644083 13,8085 21.36760 100.632) 64.10384
18 103.468 421600 4.644083 12.95228 21,56750 167.7617 60.15149
18 103.964 517200 4.644083 13.15618 21.56750 173.0852 61.09841
18 103,968 247500 4.644083 12.42037 21.56750 154.2657 57.68126
17 98.192 676200 4.586924 13.42424 21.03987 180.2103 61.57599
17 98.192 509600 4.586924 13.14138 21.03987 172.6959 60,27852
17 95.192 759000 4.566924 13.53975 21.03987 183.3250 62.10584
16 92.416 1056900 4.526300 13,87085 20.48739 192.4004 62.78363
16 92.416 721800 4.526300 13.46950 20.48739 181.9667 61.05754
16 92.416 1257800 4.526300 14.04487 20.48739 197.2585 63.57131
16 §92.418 854100 4,526300 13.65760 20.48739 186.5355 61.81931
15 86.64 2125000 4.46176G1 14.56928 19.90731 212.2639 65.00466
15 86.64 1897100 4.461761 14.45583 19.90731 208.49712 64.49449
14 80.864 2877900 4.392768 14.87257 19.29641 221.1933 65.33176

SUM 96.74546 279.6368 445.9072 3735.818 1286.841
AVG 4.606926 13.31604

STD 0.099525 0.761037

i 717

(Y 6. 101244

A 476.8700

Ink -6.45136

R 0.001058
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Stress 100% T0% 50%
136.71 L.\ o/ 25089 2G405
126.045 | 2.43338 x 10 42532 43843
117.18 4.9692 % 10 73321 75815
107.415 | 1.1291 x 107 132533 137503
97.65 2.769 | x 10° 253482 263956
87.885 | 7.5018 x 10° 519115 542722
78.12 2.2811 x 10 1156878 12151186
68.36 8.0381 X 10 2868323 3028291
56.59 3.4456 x 10° | 8190803 8699293
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sStress 100% 50%
115.52 72348 176743
109.744 144684 275819
103.968 30039¢2 4343786
98.192 650274 707496
92.4186 1475178 1186948
86.64 3528253 2058950
80.864 8962127 3709969
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A17140 3.11 ﬁsmuqmwgﬁﬁaq

. + ‘4\ £ 3 g 2"‘ <y ﬂl s . .
uﬁﬂﬁﬂiﬂtﬁaﬂulﬂﬂﬂﬂﬂﬁtﬂﬂuﬂﬁﬁw (S-N curve) LWawNINIU iatlgue
L b, p- e L. # . w duy N8
limit lU1ﬂULﬂﬂUﬂWﬂlﬂﬂﬂﬂ?zmuﬂﬁﬂut auuﬂaqnaﬁanmﬂqnu
o} T o . o1 4 ~ - “ Mo
UI3I9N 3,12 wda v MUTIv I8 80w ﬂgmwﬂugo %qiviﬂﬂﬂ

L A\ N - P
fatigue Limit NIEauUaI9L Toiiwe 9o

RELIABILITY FARTIGUE LIMIT
100 66.5
70 57 i
50 58

4 . A R R 4 &
WIaNn 3,012 farbigue limit vrﬁbonnﬂ'ruul.ﬂﬂanam”lo



< - as r's . N 4 [
AITNN 3,13 wdavaI U NNUT 8 fartigue limit n1sﬂuqm

ngﬁﬁae

RELTABILITY FARTIGUE LIMIT
100 79.5
50 71.0

= . , X, (4 P o
BTN 3.13 fartigue limit ﬂismnﬂdﬂutgauuMﬂo
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1. tn‘su%’uénqmw.ﬂii
dunﬁau@uqmngﬁﬁnqﬁﬂsznauﬁqgu Al

Temp. set fines‘\k\ﬁ‘ - Control current _ _
BS BN _
f_ . .
high-low switch r??»ﬂ’LD ?\\ Amp. meter
OQutpul udj,’/’”//’//ﬁ Nt ,ﬁil Y i Amp. lemp
L g

Z; \
\
Voll muLu:"’///// ”/,o Amp. nwilch
///O

Current'Amp.

power lemp

s

d

e

Main switch

[y

1Al Lnﬁnqﬁnanguqmﬁgh
35n11u§uqmmgﬁ
1. 40 main switch (1)1UﬁMNWULNv 2
WG 1 LASENSST NIRARERL IR

" 2 1ATENIE MW N RBRTYN WD linit
switch

2. 11 Amp., swilch (9)



b W

NIMIY AZ (N INAReNeINIUM 260 ¢ UiutuTivsy
W 650)

6. silbgunnil AU wMuiRaNn1S (LHSBBNUTENE 5-10 ¢
Wink Output adj (6) “WARRAIN BTN N LN
THURNTANS IASY A2

L) L7
as T LT TN . i‘“ . - .

7. UﬁhqmwQulwLwﬂwm\umuqn131ﬂquu Temp. set fine (6)
1 aNW(6) SRIUSsH W 0.4-0.5 C

8. 5§anns:udﬁ control current ﬁﬁﬂ?:%i?q 3-6 mA
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2. m3dudesu i w
1. ‘t&"\";i"IN’HM!l’Ld"l,‘lA Tuper bush

2 ‘Lai‘if"»aq'nmi'rn‘“';fq Laper bush “WWe chucking rod el
il intermediate terminal ﬂdﬁﬂuﬁqgu A3

3. WY chucking rod WOUINTWMBNI NG fram work
LHBNINNSER Taper ‘Wit

4. nrluinmee L e 1-3 amSuSnduviteraeiinen
CRATIY

n'rstmma'}ﬁx»fnmnnt:iﬂq‘n’f Pushing rod ﬁ’wﬁ\i?“ll A5
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i1 0
3. MSNENTUAIE CNC
L P a W Y o P T
POATANTRIIUNIZU BONANEIL NG R:@aNHUWIRING L BEN
7 %
o o oo [ 7

DUTUNOIY AUNUIHUS S 14 mm

9 2. '
n13ﬁqmﬁuwu«uaqnquuuawaénqgu A6

. | 7
,*MQE)_wm” N N ::E - (

1

1

12

5mm

b 1 A
SU- A6 1NSANAIMINEA

fiamnen AR AR AN
1. spindle speed 1100 rev/min
2. neutral tool
3. mm/100.

4. incremental dimention

Carbide fip



program

N G X Z F comment
01 00 -400 | -400

02 | 00 -150 0

03 | 01 0 [-9500 50
04 | 00 0 | 9500

05 | 00 -50 0

06 | 95

07 | 01 0| ~-500 30
08 [ 00 0 20

09 [MO5H

10 (MO0

11 |{MO03

12 | 00 0 -20

13 | 01 0 | -500 30
14 | 00 0 20

15 |[MO5

16 1MO0

17 |MO3

18 | 00 0 -20

19 | 01 -2 U 05
20 01 0 | =2750 30
21 01 0 ] -2900 10
22 01 0 -26560 30
24 (W1} h2 U

24 0 0 2600

25 0o ~-50 0

26 01 -50 4100 40
27 01 0 2200 10
28 01 50 4100 40
29 00 0 [ -3000




N G X Z I comment
30 01 -100 400 40
31 01 0 2200 40
32 01 100 400 40
33 00 0| -2600
34 00 -100 0
35 01 -50 250 40
36 01 0 1700 40
317 01 50 250 40
48 00 100 0
39 00 0 | -2600
40 0y =200 730 02
41 MYy 1242 (K 730
12 01 0 1540 02
43 03 200 730 02
44 | MY9 1432 |K 0
15 00 100 0
16 00 0 | -5400
47 00 -100 0
48 01 ~-50 ~-100 10
19 01 50 -100 10
50 00 100 0
51 00 0 8000
52 00 -100 0
hd 01 -50 100 19y
b4 0!t 50 10U 10
55 ou 350 0
56 00 250 Q
57 00 0 1500
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N G F comment
58 MO5
59 M30
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