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Behavior of Pure Iron under Impact Tensile anding.

Seita Sakui,' Dv. Eng., and Masanobu Omori.

‘Synopsis:

The behavior of pure .irbn‘ under impact tensile loading was studied with two kinds of pure
drons and a commercial low carbon steel. One half of specimens were annealed in vacuum
at 600, 700, 800, 850, 920 and 1000°C for 1 hour and the others were quenched in oil after
keeping them at these temperatures for 1 hour in vacuum.

At the impact tensile test, in which the specimen was loaded by the hammer, falling by
.gravity and weighing 25kg, the load acting on the specimen was meéasured by the use of pie-
:zoelectricity of quartz.crystals and the cathode ray oscillograph. X-direction of the oscillograph
-was fed by piezoelectricity, Y-axis  corresponded to time axis There was no electronic circuit
‘between quartz and a deflection plate of the oscillograph and the load-time curve was directly
recorded on the film inside the oscillograph. The strain rates at the impact tests were app-
roximately 20~120 1/sec

The results obtained in this investigation were as follows.

(1) The peak appeared in the load-time curve under impact test seemed to be upper yield

point.

(2) Yield stress and tensile strength were larger -and total elongation was smaller than
those under static test.
(3) Increasing the strain rate, both yield stress and tensile strength increased and total

elongation decreased slightly. The rate of increase of yield stress was greater than
that of tensile strength.
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(4) The test specimens annealed at comparatively lower temperatures such as 600°C~
700°C fractured in brittle manner even after the completion of recrystalhzatlon but

this phenomenon was not observed under the statical test.
phenomenon was due to the manner of distribution of cementite.

showed more ductile fracture.
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Table 1. Chemical composition of test

specimens (in wt. %)

Elements ‘ I
cl s : P | 0, N
Specimens : " :

No. 1 | 0°013 0009 0°0030-0017 0001
No. 2 | 0:020 0015 0°003 — | —
No. 3 ﬂ 0°0

78/ 0038 0°009 — | —
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Table 2. Results of static tensile tests of annealed test specimens.

Annealing Speci- | Tensile | Yield  Total 'Annealing Speci- { Tansile Yield Total
temp. | mpens i strength l stress , elong. temp. mpens strength ] stress ; elong.
°C i kg /mm? kg/mm? . % - °C kg /mm? kg/mm?® ; %
L b | . L |

. No.1 . 308 — 34-8 No. 1 294 . 166 | 27°1

600 ‘ No.2 27°6 —_— 41°7 850 No.2 264 - 1‘ 20°1 36°9

! No.3 410 296 No.3 371 L 278 310

i

i No.l 291 i —_ 3547 - No.1 290 12+6 180

700 No.2 266 — 38°0 920 No.2 238 12°5 303

: No.3 378 29°9 30°0 No.3 37°1 263 27°9

No. 1 293 | 17°5 | 292 No. 1 2306 | 10°3 273

800 . No.2 268 — 35°1 1000 No.2 23°+9 12°6 295
No.3 37°9 30+0 29°0 No.3 36°2 25°1 259

Table 3. Results of static tensile tests of quenched test specimens.
Quench- | g .. | Tensile | Yield | Total |Quench- g .. | Tensile | Yield | Total
ing-temp. mpens strength | stress eleng. | ing temp. rrf)ens strength! stress elong.
°C o kg /mm? |[kg/mm? % °C kg / mm? ikg /mm? %

No.1 32°5 — 31°4 No.l\ 38°2 — 114

600 ! No.2 31°2 — 323 850 Nc, 2 36°9 — 6°5
No.3 42°6 — 22'3 No’3 a7e1 ' — | 126

No.1 36°3 240 177 No.1 37°8 — 140

700 No.2 346 252 24°5 320 No.2 371 26°5 18°6

i No.3 424 322 26°0 No.3 532 — 132

No.1 400 23+0 145 No.1 37°2 —_ 97

800 No.2 408 —_ 8*3 1000 No.2 366 143
No.3 46°4 — 16°6 No.3 52+8 366 13°2
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PRBD L& 1°0m 123 Th5. AFEHBECHSE ~ hammer m | ‘u ‘|‘
HIHBEMOTEMEE X LE : R : ’
Ao @' EIFDT khé Hammer speed |, 314 - 443 L 6-20 | 7.70
t---- #EE4 Table 4 TR+ m/sec | ; i » ‘
l Aoy I TTHRLNT Strain rate 1/sec j21°5 E48 3 F68 2 ;96'8 119
K FE—FsREI 4RI Fig. 5
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(a)No 1 Spec'imen annealed at 800°C. e (bjr No. 1. Sﬁééirﬁen énnealed -af 1'(‘)V0°C.
Hammer height; 0.1m . » Hammer height; 0.5m .
(c) NoZSpecxmenuannea]ed .ét 850°C. ) (d) No. 2 Specimén annealéd‘at 850°C.
Hammer height; 1.0m Hammer height; 2.0m
e . ; v
. w

o ¥

(e) No. 1 Spec:men annea]ed at 8{)0°C o (f) No. 1 Specimen quenched from 850°C.
Hammer height; 3.0m Hammer height; 1.0m
Photo. |. Load-time diagrams under impact tensile test. Time mark; 1/300 sec.
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Table 5. Results of impact tensile tests of No.1 test specimens annealed.
: [
Annealing! Hammer| Tensile Yield Total u,Annealing Hammer| Tensile Yield Total
temp. height strength | stress | elong. temp. height strength | stress | elong.
°C m kg /mm? |kg/mm? % °C m kg /mm? |kg/mm? l %
; -
01 ! —_ ; 706 18 0*1 421 53°1 22°3
0°5 — ! 737 19 0*5 . 46° 1 591 19°9
600 1+0 — 84- 1 0-8 850 1°0 48°6 72+3 17+1
2*0 — 84°8 06 ' 2°0 508 791 11°3
30 — 1010 13 3°0 50+8 855 172
0L —_— 672 1+2 0°1 - 38°4 495 171
C*5 —_ 766 2°2 05 417 53+7 14:3
700 10 — g6+3 | 05 920 10 452 659 12°5
20 — 862 | 0-8 2°0 492 699 11°3
3°0 — 94°3 i 04 30 4746 786 159
01 425 58+ 1 20*5 01 33*5 462 2442
) 05 45°2 58° 1 17°4 05 369 477 191
800 1°0 466 6872 17+2 1000 10 38°1 '51+3 1679
20 5049 743 108 ) 20 403 63°7 20°2
30 54°0 20*5 15°9 30 421 666 209
Table 6. Results of impact tensile tests of No. 2 test specimens annealed.
Annealing| Hammer | Tensile Yield Total !Annealing Hammer | Tensile Yield Total
temp. height strength | stress elong. | temp. height strength | stress elong.
°C m ]kg/mm'z’ kg [/ mm? % °C m kg /mm? |kg/mm? %
01 — 65°0 04 01 390 5448 ° 14°9
0°5 — 63°3 | 1°3 05 4276 56°0 10°2
600 10 — 7474 0°8 850 10 451 71°1 96
2°0 — 750 07 2°0 491 776 11+3
30 —_ S0 2°0 3°0 47°9 822 7*5
) 01 — 568 17 01 36°9 432 26°9
05 —_ 586 11 05 366 44°3 235
700 10 — | 78 3+1 920 10 38°3 59+7 23+7
2°0 — 77°8 36 2°0 422 64°5 22*2
30 —_ 90*3 08 3°0 414 63°1 23°1
‘ 01 — 60°2° 1-8 0-1 331 406 235
. C*5 —_ 64°5 2*8 ' 05 36°2 44+9 217
800 1" o | — | 71w 2'0 1600 10 40°8 57°7 214
‘ 20,  — 7746 Cie2 20 39°1 62°0 17+7
30 i —_— 86°3 46 t 30 . 438 666 220
| : ‘
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the tensile strongth and yield stress of No.
1 specimen under impact tensile test.

PURT), BRAPEFRFHET TEL L5 L3480

Table 7. Results of impact tensile tests of No. 3 test specirhens annealed.
Annealing, Hammer Tensile ' Yield Total |Annealing Hammer Tensile . Yield | Total
temp. height strength stress : elong. temp. height F strength stress | elong.
°C m " kg /mm? kg/mm? % °C ' m i kg/mm?’ kg /mm?. %
R - g 1 [ !
0-1 —_ 78°6 1 04 01 | 486 627 i 28+8
05 — ‘ 79°8 22 05 | 486 694 i 256
600 10 — | 844 142 80 10 | se-1 791 | 2678
20 —_ 856 06 2°0 552 80+8 231
30 ' —_ 102+8 06 3°0 54+4 | 855 l 94
L0 . — o earg 39 | 01 477 558 315
05 — - 715 8°5 i 0°5 4949 636 | 285
700 10 — 73°3 49 ; 920 10 51°6 | 73°2 - 271
[ 2°0 — 839 4*3 i 2°0 56°2 . 806 i 24°8
, %0 = 985 20 | 30 54°3 80°3 26°9
i ) T
| 01 : 49+4 66°5 254 01 477 54+9 289
05 54°8 65" 1 14-5 05 48+9 588 300
800 1+0 550 77+5 12+6 1000 1+0 54°2 750 20+4
2*0 567 764 7°4 - 20 522 78-8 257
3+0 h 57°5 20°*5 23*5 i 30 56°2 812 26*5
i : 1
Table 8. Results of impact tensile tests of quenched test specimens.
Falling height of hammer; (:Om
Quench- Speci- Tensile Yield Total jQueneh- Speci- ; Iensile Yield Total
ing temp. 111)1ens strength | stress elong. |ing temp. tgmens strength | stress elong
°C : kg /mm? | kg /mm? %, °C kg /mm?| kg /mm? %
No.1 — 723 19 No.1 554 600 16°2
600 No.2 — 71°3 45 ) 850 No.2 53*4 60°2 12°5
No.3 — 803 40 , No.3 672 68°1 19-1
No.1 451 514 29°0 ! No.1 557 652 206
700 No.2 456 53°2 112 ' 920 No.2 4948 652 28°8
No.3 554 63°8 10-9 ; No.3 697 | 70°8 16+8
= ‘
No.1 522 529 21+1 ‘ No.1 57°0 706 | 94
800 No.2 557 65°0 | 142 1000 | No.2 554 604 24+0
No.3 64°5 52+0 ! 218 h No.3 i 793 80°2 17+1
1, EBEMECovwTambihvtws. iz H. G. Baron.
anl faling height - /m DEFDTIZ7 — & 3 ki XU o\ TEHE 90
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Table 9. Values of Yp/Ys and Tp/Ts at the
strain rate of 681/s

No.1 - No.2 © No.3
Annealing | Specimen Specimen Specimen
temp- Iy, [Ty | Yo |To | Yo | To
/Ys | /Ts | /¥s | /Ts | /Ys | /Ts
600 S R I e B e
700 — = = — |25 —
800 3°89 | 1°59 — —_ 2°58 | 147
850 4435 1 162 | 3*53 | 170 2°84 | 1°46
920 3+97 | 1°56 | 4*77 | 161 | 2°78 | 1°39
1000 4°98 |.1°61 | 4*57 | 170 | 2°98 | 1°50

Yp: Yield stress under impact test

Ys: Yield stress under static test .
Tp: Tensile strength under impact test
Tg: Tensile strength under static test
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Table 10. Velues of I/a and 1/n.

Annealing | : ‘ \/n
Specimens °© temperature 1/a ’ v
(°C) (eV)
800 022 ' 012
850 027 | 009
No.1 . 920 029 009
1000 0°29 0°09
800 0°30 | 0-09
. 850 026 | 0-10
No.2 920 ' 026 | 0-10
1000 { 020 | o2
800 0°25 0°10
850 0-23 011
No.3 920 i 0018 0-14
1000 | o1 016
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Aging of 16-15-6 Type Alloys.

(On the function of nitrogen as an alloying element in
heat-resisting materials—II)

Masazo Okamoto, Dv. Eng., Ryohei Tanaka.

Akira Sato, and Takeo Ishizuka

Synopsis:

Effect of N, Ni and C content on aging characteristics of the low Ni Timken 16 Cr-15 Ni
—6 Mo (—7-5Mn) type alloys was studied by measurements of differential dilatation, hard-
ness, and microstructure. The results were summerized as follows: (1) Maximum amount.
of N addition was limited at about 0°39%, above which sound specimens of the alloys could
not be produced by melting and casting in air. (2) Two stages of contraction in differential
dilatation due to the precipitation were observed at 500~600°C and above 800°C during tem-
pering of the solution-treated alloys irrespective of both the composition and the hot-cold
working. It seems that the later contraction was due to the precipitation of nitrides and
carbides, especially a large contraction being observed at above 750°C in the carbon contain-
ing alloys. (3) In all of the solution-treated (1200°C 1h, water-quenched) alloys, hot-cold

* 133 HE 10 AALEEASICTRSE Y ERTEAESRIFEE, THE
oo T A SR T HE



