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Study oh Speciﬁcations of Heavy Steel Forgings made by Basic
Electric Arc Furnace and Acid Open Hearth Furnace
as well as Investigation on Vacuum Casting.

Takaaki SuMOSE, Kiichi NARITA and Atsusi MIYAMOTO

" Synopsis:

The largest differences between vacuum casting and open air. casting materials were

(1) gas contents, namely hYdrogen ‘and oxygen contents, (2) nonmetallic inclusions,
especially quantity and feature of oxide inclusions and (3) " austenitic grain size, especially
difference of grain size in coarse grain steel. In the field of mechanical properties and qualities,

the merits of vacuum casting are summarized as follows;

(4) decrease of deflection of

mechanical factor, (5) some improvement of ductility and (6) improvement of nondestructive

test resulf.

In the case of open air casting procedure, the main differences between the products from
basic electric arc furnace and those from acid open hearth furnace in this investigation were
the difference of the quantitative and qualitative relations of nonmetallic inclusions, and
quantities of gas components. (Received 17 October 1962)
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Table 1. Test materials.
Kind of Open air casting Vacuum casting
. 1 :
stge Heat No. Name of finished product Heat No. Name of finished product
S Feo T Aé616\ Crank gear for 55BOM T A6530\| Crank gear for 55BOM
T B4481 type tire press. T B4393 type tire press.
S Fe0 ‘TB7020 | Crank gear for 40BOM T A7011 Crank gear for 40BOM
: type tire press. type tire press.
S Fé0 T B4306 Rotor center. —_— —
S Fe&o T B3503 | Rod. — —
S45C T A8126 | Gear tire for roller. T As131 Gear.
SFs55 T A7510 | - 550mm X 3700mm bloom. T A7506 500mm X 4500mm bloom.
SF55 | TB5280 | 600mm X 3600mm bloom. T B5285 | 550mm X 3700mm bloom.
S F55 T B4529 EDéMDS type crank shaft. —_— —
T A6731 T A6538 Ke6Z70/120 shaft with
S F55 T B4602 YZ6SS type crank shaft. TB4401)| * frange.
S35C T A7891 Table roller. T'A7882 | Table roller.
S Fs55 TE2634 | 9RD76 type crank arm. TE2628 | 9RD76 type crank arm.
S F55 TE2594 | 6MD5! type crank shaft. T E2615 | 6MD5! type crank shaft
S Fs55 T E2501 6MD5! type crank ~shaf1.:. : — : —
SF55 | TE2362 | - K?f%;i{gl:@ type shaft with - | .
S Fs55 T E3051 K9Z78/140 type crank web. T E3080 | 9UECS85/160 type crank web:
S F55 T E3078 9UECS85/160 type crank web. TE3195 | 9UEC85/160 type crank web.
SCM T A7029 Cam Wa;)'ltz for continuous roller. | T A7030 | ‘Cam waltz for continuous roller.
200mm § mould for centnfugal 200mm § mould for centrifugal
SCM TA%& “casting. T A7864 casting.
SNCM |+ — — T A6657 Step roller.
SNCM C— : = T A6830 | ‘Pinion for 17600 turblne
SNCM | TAs174 Pinion shaft for slab-pusher. T A8175 | Pinion shaft for slab-pusher.
SCM | TE3188 | Roll.. TE3550 | Roll.
SCM T E3144 | Roll. — ‘ —
SNCM — . — T E3175 | Roll.

None. TA, TB: basic electric arc furnace, TE: acid open hearth furnace.

Central part
intermediate part
outer part

to,a side middle side bottom side

Fig. 1- (a) Schematic d1agram of samphng
positions of test materials.

38+ ingot— crank staft Ipc.
-obligue line part show
relative posttions of

. ingot.

Fig. 1-(b) Position of test materials from
crank shaft.
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Table 2. Chemical composition of test materials (%).

Heat No. Kind of | ¢ |Mn| S | P | 8 [Cu |Ni|Cr Mo Al | v
T Aeb16 . . . . . . . . g _
TB4481>(A.C) SFe0 | 045 | 0°66 | 0°24 | 0*020| 0°015| 0*12 | 0°09 | 0°06 0°002
%:%Zgg@(A.C) SFeo | 041 | 0°70 | 0°23 | 0°027] 0*013) 0*12 | 0°09 | 0*10 | — | 07005 | —
T A7020 (A.C) SFeo | 0742 | 0°70 | 0*33 | 0-019] 0°015 0°10 | 0°09 | 0°07 | ~— | 07001 | —
3 TA7011 (V.C) STFeo | 0°40.| 0°72 | 0°25 | 0+021| 0*014| 0*12 | 0709 | 0*05 | — | 0:010 | —
T Ba06 (A.C) /| SFeo | 042|063 | 024 | 07028 0°015 0710 | 0706 | 0°06 | — | 0001} —
TB2503 (A.C) 2Feo | 042 | 066 | 024 | 0-014| 0°014| 016 | 0706 | 0%07 | — | 0:001 | —
TA8126 (A.C) S45C 0-44 | 005 | 0%27 | 0*016] 0%013| 0708 | 006 | 0707 | — | 0001 | 0°065
TAs131 (V.C) | S45C 046 | 670 | 0-28 | 0+010| 0*010} 0°09-| 008 | 006 | — | 0%010 | —
TA7S0 (A.C) | SFss | o036 | 0%e9 | 0727 | 0v021) 070185 0711 | 0706 | 006 | — | 0001} —
T avioe (V.C) | SFss | 036 | 0768 | 0v27 | 07019 0°0l6[ 0710 | 008 | 0°07 | — | 0°010 | —
TBueg (ALG) | SFEs5 | 035 | 0°70 | 0v26 | 07017 0v012[ 0710 | 008 | 0°05 | — | 07001 | —
These (V.G) | SFEss | 035 | 0767 | 0%26 | 07026 0%0l6| 0710 | 0°12 | 0°08 | — | 07010 | —
Thatos (AC) | SFss | 038|057 | 0v27 | 0°016 07013 0710 | 0°07 | 0°06 | — | 07001 | —
T A¢731 . . . . . . . .
| TACT3IN(A.0) | SFss |04 | 0771|024 | 0°017) 07014 0Ll 009 | 008 | — | 07007 | —
g TA6S38) v ¢y | SFs5 | 035 | 06l | 0725 | 07020 0°014 0711 | 0709 | 006 | — 0006 | 0075
T Baso1 )V
TA7891 (A.C) | S35C 0-37 | 060 | 0°22 | 0°020| 0-019| 0°12 | 0*08 | 0706 | — | 0001 | —
TA7882 (V.C) | S35C 0-37 | 0+50 | 0°27 | 0°020] 0°014) G*11 | 0%07 | 0*06 | — | 07009 | —
TE24 (A.C) | SFEs5 | 037|074 | 031 | 07024 0°01¢| 0707 | 0706 | 0704 | — | 0:001 | 0"072
TEoeos (V.C) | SFEss | 036|071 | 0v34 | 0°028) 07017 0707 | 007 | 0705 | ' — | 07007 | —
T Eotes (ALGY | SFss | 034 |05 | 031 | 0029 07022 0:08 | 0%09 | 0°04 | — | 07001 | —
Thoeis (V.G) | SFss | 034 | 051|024 | 0030 0°023) 0709 | 0706 | 0°04 | — | 07007 | —
TEo0, (A.GY | SF85 | 036|061 |0v31 | 0022 0°018 0v12 | O°11 | 0°10 | — |<0:001 | —
TEoes (V.G | SFss | 034 |06l | 0024 | 0°021| 0°022) 008 | 007 | 0%06 | — |<07001 | —
TRooet (A.C) | SFss |o0v37 | 072 | 029 | 0°022 0017} 0°07 | 005 | 0°04 | — | 0:001 | 07089
y TEoos0 (V.G) | SFes |o0v30 |0-e2 | 025 | 0°021] 0+014| 0°07 | 007 | 0708 | — | 07006 | 07075
THa0% (A.G) | SFss | 038 | 08| 027 | 0°018 0°015 0°07 | 0v10 | 0°07 | — | 07001 } 0082
TTHaies (V.G | SFss |o0v38 | 0°65|0%31 | 0°023 0°016| 0708 | 006 | 0704 | — | 07007 | 07065
TA702 (A.C) | SCM |07 |0%0 | 027 | 0°012 0°018 0712 | 0709 | 128 | 0:26 | 07001 | 07100
TAna0 (V.C) | SCM | 036 | 0°60 | 0v27 | 07019 0*014 0709 | 008 | 1°40 | 028 | 07015 | 0°110
TAvE: (A.G) | SCM | 028|049 | 0°31 | 0°015 0°015| 0714 | 0°05 | 1-24 | 0°47 | 0:00L ) —
TAveesr (V.G) | SCM | 020 | 053 | 032 | 0°015 07015/ 010 | 0%06 | 1-20 | 0°49 | 0010 | —
Thcees (V.G) | SNCM |0°29 | 060 | 0°22 | 07023 07010 0"10 | 3705 | 100 | 0726 | 07012 | —
T hces0 (V.O) | SNCM |029 | 0°56 | 0°20 | 0024 0013 0112 | 2162 | 048 | 027 | 07013 | 0077
T g4 (A.C) | SNCM |0°33 | 080 | 0°25 | 0°027| 0°019/ 0*10 | 1°82 | 0'86 | 0°26 | 0001 | —
Tasi7e (V.C) | SNCM | 033|073 | 0%26 | 0°017 0°022| 010 | 1:72 | 0*72 | 0°26 | 0010} —
L TEai4a (A.C) | SCM | 046|073 | 0°31 | 0°020 0°017| 006 | 0706 | 0*86 | 0°34 | 0°00L | —
. TEa138 (A.Gy | SEM | 048 |0-74 | 025 | 0702101017 0706 | 006 | 0:88 | 035 | 07001 | O°118
TEas20 (V.C) | SCM |07 | 0°69 | 0°25 | 0°020 0°015| 006 | 0:05 | 0798 | 0735 | 07008 ) 0°120
TEa7 (V.0) | SNCM |06 | 0°71 | 0°32 | 0021 07016 0708 | 0°90 | 1°06 | 0°40 | 07004 | —
Note, (A.C): Open air casting, (V.C): Vacuum casting.

TA and TB: Basic electric arc furnace, TE: Acid open hearth furnace.
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Photo. 1. Macro structure and sulphur print structure of medium carbon steel
‘ (F. R.: 12°0~14"0) (2/5)
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Photo. 2. Macro structure and sulphur print structure of chromium molybdenum
steel (F. R.: {1°1~11°4) (2/5)
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Table 3. Characteristics of representative nonmetallic inclusions.
. S . Identification of
Nonmg&talhc Forms 2 Chermcal- . nonmetallic Remarks -
inclusion 3 characteristics inclusion
sili There are single phase No. reaction with 10% SiOy, Silicates in
ica, silica and silicates, and alc. nitric acid, boiling| Ferro-mangano- | vacuum casting
Silicate. - | ;mplex phase silicates, aq. sodium picrate and| silicates. material are -
which are deformed % . 110% aq. chromic acid. smaller in size
plastically along the H  |Some silicates are atta- and fewer in
longitudinal direction _M cked by 5% alc. hydro- quantity.
by hot working. w |chloric acid, but others ’ .
Size : [~200 ¢ S |show no reaction.
! [However, inclusions are
% |virtually attacked by
. 120% aqg. hydroﬂuor1c
o ac1d
c d Typical crystalline There is virtually no AlLO;, Much contained
O{un‘um, compound, which are «» | reaction with 109 alc. (F e, M )0 . ALO in vacuum casting
Alumina not deformed plasti- 2| nitric acid, boiling aq. n 28 imaterials.
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“Size : 0°5~30 & 92 | aq. chromic acid, 5% fine. Open air
, =2 8 | ale. hydrochloric acid casting material
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w oy shing deoxidizer
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Atumino- |Feet85° plasticall © | hitric acid, boiling aq.| Siicates, in vacuum
silicate. be»c;:‘n: pka:s ally 0 dium picrate.l 05 d-| Ferro-mangano- | casting
' y hot working. xY) sodium picrate,19% ad.\ ,jymine- material, and
Size : 1~50 p — chromic acid, 5% alc. licat fine particle
' S | hydrochloric acid and stiieales. ne p :
b 209% ag. hydrofluoric
2 acid, but some inclu-
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o wly by 209, aq.
hydrofluoric acid.
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direction by hot 3} acid, boiling aq. sodium open air casting
Sulphi de. w.ork_ing. » 5, |picrate and_ 10% aq. and vacuum
Size : 0°5~250 ¢ o chromic acid, and are casting materjals
‘ &0 |virtually attacked by :
2‘ 5% alc. hydrochloric
= |acid and 20% aq.
;3 |hydrofluoric acid.
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On the Anneahng—Temperature and-Time for Spher01dlzat1on of

. | Wire Rods for Cold Forming.

Kinji YOKOYAMA, Akira YAMAMOTO and Jyo Y AMAMOTO

Synops1s

With carbon steel wire-rods of JIS S35C and S45C Wh1ch are used for cold formed bolts
of medium strength, a study was made on the influencé of the anneéaling treatment under
various conditions referring to the structure, mechanical properties and crack occurrence
under compression tests utilizing an Amsler universal testing machine or a crankpress.

The purpose of this study is to obtain a fundamental data for spheroidizing annealing of

wire-rods in factories.

From the results of this expenments, it is conﬁrmed that pretreatments (cooling in oil, air
or furnacee) and annealing conditions (temperature and time) give a correlative influence on
the spheroidizing annealing of these wire-rods for cold forming; that there are adequate
ranges in the aforementioned temperature and time; that the .occurrence of cracks in cold
-forming is more related to the contraction value than to the elongation; and that, by an oil-

- cooling pretreatment of wire rods, higher-strength bolt blanks can be obtained which are
very resistant to occurrence of cracks on cold forming in spite of an annealing at a relatively
- low temperature and in a relatively short t1me (Received 8 November 1962)
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