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Fig. 1 Gradually changing shape of test pieces
(x9).
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(2R F87)

Ik
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| AEEE 0 EAE 150°C {£#530
% BURBEZREREY o o LIS EHER
2 B o BRI :

SRR 2
Fig. 3 Structure of 0.55 % C Steel Q. T.
150°C. The martensite structure

has a Shore hardness of 76,
(% 400).

A s KRR A B ERE D 7 250°C
T REFB05 8 » BN Z BB Z T B 4 FiR
IR » BBREHK 84 (Secondary troosite)
» HAWREEHE » ShoreHips /S 65.5

AP RN S PR
Fig. 4 Structure of 0.55% C Steel Q. T. at
‘ 250°C, This fine secondary troostite
structure has a shore hardness’ of

-65.5, (x400),

B KB TR AR 400°C 7
B 30 S TULBRRH » BT 2 o Eh
Be AR LR SEEA S, BRI R
» W S A TR RETER «

Fig. 5 Structure of 0.55 C Steel, Q. T.
400°C. Note the white area of
newly formed ferrite and the
dark area of fine pearlite stru-
cture, Skore hardness 60, (X 400).
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Fig. 6 Structure of 0.55%C steel Q. T.
600°C. The. Sorbite structure has
a Shore hardness of 40, (x400).
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Fig, 7 Effects of Quenching and Tempering on
Hardness of 0.55%C steels.
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Fig. 9 The test piece fixers
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Fig. 10 Test piece wearing in sand

Fig. 11 Test piece Fixer
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Tab. 1 Sand Analysis

RN (mm) | FHEER () | B S K %)
7~ 8 0.58 0.23
6 — 7 0.87 0.28
5— 6 1.53 0.60
4 —35 3.15 1.23
3~ 4 5.18 2,10
2—-3 14,58 5.60
1 —-2 83,89 32.50
1—0.05 ¥irp 134,20 52.50
0.05—0.005 347 5.60 2,16
0.005 DI F %4+ 7.42 2.80

(R 2 E25755)

ERD  BTRNBDARFRAZEE  A2AS8
&b > H Angle of repose H—Efl » A FE
—ENBRIIERTEE » BRRNEBRZEEEGT
MEBEEAEEARY
2ERI : BEET » BRAREKHZ G

ORA S DB RAEREZ BT MR
ABBLEEE IR o HABERENS 015% 033 .
% 055% ~ 0.85% Hk 120 24 » T A | T 14 plrtu Shoving 5%

Kig 15. Structure Showing 0.85%C Steel
(x120)
CERFTERER
(LVER— : EiERE » #ik 32 rpm » B
BE 1.7 m/sec B iE UM SRR Fr S O 8E T | 5 JLEET2
INEE o FE6/NEE ~ 6/ ~ 12/NEE ~ 12/NBs ~ 18/NE
180 IBERTBEEERR - SEEYEQT
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Fig. 12 Normal, Structure of 0.15%C Steel,
(%120)



Table 2. Data from the Experiment No. 1.

[ 0.15% 0.33% C 0.55% 0.85%
= B E B B E B E 8 B |\ B BE|E H B E B E £ B
A F ® ® ® @ - ® )
(hour)
0 34,9955 0 26,9575 0 28.8342 0 30,9405 0
6 34,5877 0.4078 26,7056 0.2519 28.7045 0.1397 30,7947 0.1458
6 34,3532 0.2345 26,5495 0.1561 28.6362 00687 | 30.7155 00712
12 34.1791 0.1741 26,4382 0.1113 28,5357 0.1005 30,6525 0.0630
12 34,0735 0.1056 26,3718 0.0664 28.4695 00662 | 305984 00541
18 33.9952 00783 263177 0.0341 28,4362 00337 | 30.5800 0.0184
18 33.9369 0.0583 26,2682 0.0695 28.3769 00593 | 305474 0.0326
JNEF 1.0586(g) 0.5893(3)\ 0.4573(g) 03931
H
psmRmsE > mae § [ R P
& M /—
BHEE » DIsimBmRARE 3t *
% —
WEBRZEE  TEHAR o 3
= —M"’o/"
AHT I o g i 0 BEEE "

3 : 1 / pgspcsteel
FHEE Z AR EE » AR - I —
B 3 / / / 085 %¢ Steel

W=C1T+C2T2 /‘ 1 N 1 [} - A A S
1] 4] 12 IS 24 30 36 42 48 54 () b 72

Z ZRINRETE o IR AR
EREX G- C AIFE

0 3 (Wa- (CiTk+CsT))? =0
0C: &

t —— time in hours

Fig. 16 Wearing of Carbon Steels in Dry Sand
(T2 Wx)(STH)- (S TaWx (37%)

9 =

B g 3 (Wa=(CTh+CTe))=0 Er ) -(Em)(E)
IEBEGE T W 2 BRALRTRE Cy e
=SB » K Cin Ca B 5 ) 2l ft il G
B\ () (2 L) QIEB= : EW I ERBEANEAY
Cim (Fr3)(3wa)-(3 s W")(? Tx)  smmserom #B—EE 5 £ BABTZN »
st s m2) (v e B 6 /NEE ~ 6 /NER ~ 12/NBF ~ 12/N5 ~ 18/ ~ 18/
()2 T“) (5m) B MR PR LEEE » BT 2808 ;
Table 3. Data from the Experiment No. 2.
- 0.15% 0.33% C 0.55% 0.85%
N ' gTE B E|E E|E B E E _E|B A E = E‘EEE
(hour)| ~ (&) () ® (2) ) ® ® (o)
0 28,5964 0 24,0852 0 23,9228 0 27,6484 o]
6 28,4889 0.1075 23,8910 0,1862 23,7362 0.1896 27.5253 0.1231
6 28.2434 0.2455 23.8224 0.0666 23.5073 0.2289 27,2356 0,2897
12 27.78C0 0.4634 23,4840 0.3384 23.2970 0,2103 26.9015 0.3341
12_ 27.4 4Qé 0.3394 23,1345 0.3495 23.0168 0.2802 26,6952 0,2C63
18 27,0190 0.3716 22,8190 0.3155 22,6785 0,3383 26,4090 0.2862
18 26,6240 0.4450 26.4400 0.3790 22.3700 0.3085 26.0400 03692
» E—f 1.9720 1.6350 1.6558 ——.—"1605
ER: 69 679 | 6.82 5.85
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Fig 18 Testing pieces showing changing
size, surface smoothness and shape
during wearing
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Referencc 8~ 9) 1. @5 FZERAKT » IER
RPBEEZBET » MESRERRER—ERE 2.
MK PR ST » O RFIHERRE » 2RFHE
iR SR R LMY » KA o &)
| BGRE : Fe—sFe*+* +3e

BRE H*+e—H D)

EBF B TRER (RMK) MEaES» &
SHETRA o LRSS SRSRETER » SRR
WHERS ) 2RY Fe**t BB ZWEUKAEY
ER—ERNTRERG - ERFN—EEBRLT

RIEHEFFZEE » IEREERR - EEERA
BRI o TR T REN B IERA AR » THRGR
ERER T BN IRy e, (Pitting) o

BRULBRRNTIEY » AEREE—S ) KR “Fig. 20 SLEETMER » B 72 /MBS S
TG K BB AT R Y BT o ROLK BB » REFL > Wfaflo
Test piece,-after 72 hrs’ wearing in
HEEEERE (B R th BB/ NG dry sand, showing a smooth surface
ZHK ) REREET NS SN ) DRAERA (x%
B2 S5 BRI o AIRESR 2 R » DERHZ
/IJ\}(L °

it :

Fig 19 The test piece has a coarse surface Fig 21 R TR » iﬁ 72 JNEE AR 0 B
before testing. The traces of surface ST AL o
finishing have beeu made in one
direction for the purpose of keep~
ing a more nearly identioal wearing
condition for all pieces. (X9)

Test vpiece with pittings on it,
after 72 hrs’ wearing in sand &
water; (X9)
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B s RPL120 B2 HAES » BIERRHE
H R B R RERE ; MRERNEN » AR
% BRWRT - 2R TH Fig 22, Fig. 23

Fig 22 The same test pieces as showed before
Megnifieation Cf 120, Showing its

surface condition.

Fig 23 In sand & water, 72 hrs” wearing
“made an apparant sign of corrosion
on the test piece The dark area are
pittings. T
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Fig 24 When Carbon steels are worn in
dry sand, bigh corbon percentage
aprears to be a factor against being
worn out,
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Fig. 25. Curves of the same kind which Ford Motor Co. and Japan Steel
Association composed individually after they have accomplished
their wearing experiments of carbon steels.

b
Fig. 26 Martensite structure of 0.55% -Car-

Fig, 27 Structure of 0.559% Carbon Steel
bon Steel. Q. T. at 150°C (X 1200) Q. T. at 250° {1200)




Fig. 28 Primary Sorbite Structure of 0.55°C
Steel Q. T. 400°C (X 1200)

Fig. 2% Sorbite Structure of 0.55%4C Steel
Q. T. 600°C (X 1200)

(EFHEEMER ¢
(VB ERY » DR 0.558MMRN » BREE L DEY LT ARZBMEE » MEEEAN
B o I MARPHUHAERZ B » BT 28R 0

Table 4 Data from wearing experiments of 0.55%c Steels with various -
tempering temperatures for 6 hours in dry sand

0.55% heA 0.55% 0o 0559 aR 55500 oA
— K 15000 EIK 250°C [El’K 400°C K 600°C
= ElE £ B | E E|E BE B E B(E B B & 2(E B B
(hr) ® () () ‘ 6] () l () ® (g)
0 246356 0 24,8773 ‘ 0 249912 0 240725 0
6 24,6146 0.0210 248365 | 00431 24,9556 0.0356 24,0341 0.0374

MR EWIK » B —ERA  EANSZER o BNATER 05%C ) MAERS 1Tm/sec M
BERTBAEEER BT 28 :

wearing 6 hours in sand and water

Table 5 Data from 0.55%c steels with various tempering temperature

0.55% 1538 0.55% 7o 0.55% s 0.55% Tam
. [B]:k 150°C [E:k 250°C [El:k 400°C [E]:K 600°C
= BE|E £ B E B E B B E %l%ﬁ%i B|E B E
(br.) @ () () ) @ | (& () (2)
0 24,5647 ? 0 23,7887 0 24,6525 0 18,7615 - 0
6 24,4785 ‘ 0.0862 23,5345 0.2542 245186 0.1389 18.6251 0.1364
BEBRIH RERMEhZER IXEBHEEAREMN R

HERIESE R A o HE RO
) ERFRERITMERTS » BRAEE ZERT]
H R AR » R BRI BT » VAR
REEHBHMIIEN » REF2REBIERER
BEAFEHERERS o
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B ER (1)~ Q) ZEBRZER » iRk (2
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independent from their Hardness - =~
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V. A Brief Summary

1.If there is no water presence, the rate
of wear of steel testing pieces is gov-
erned by their size, surface smooth-
ness and shape (whether it 1s near a
stream-lined condition). For a constant
: wearing speed, these governing factors
will change in a constant rate, that is,
the second derivative of W. weight~

=

loss, and: T. t'ime; willl be a constant.
Thus, the quantity of wear loss will
follow an. equation of W=C,T+C,T?
l

wherein T should not exceed —g;—l

2. When there is water in the wearing

tests, it is seen that corrosion of
water to Fe, independent of its carbon
content, is the main factor of wear.
This corrosion is so severe that other
factors of wear are not seen. The
relation between weight loss and time
is but a simple equation of first order.
W=CT (approximately).

. Carbon steel will change'its microscopic

structure when it is being heat-treated.
However, it is found, these test pieces, -
after quenching and tempering, will be
worn off in testing at arate according
to their structure’s resistance toward
corrosion, instead of their hardness,
when water is present. But, in dry
sand, only carbon percentage will
affect its wearing rate.

4. The above experiments are all under

a condition of the same composition of
sand. Fﬁrther study is suggested to
change its composition, to find out
what a part sand, even small stones,
plays in influencing wearing.

5. The hypothesis, which is mentioned

above, needs futher research and deve-
lopment. Another Experiment of wear-
ing of carbon steel in conditionv of
sand and paraffin (or any other corro-
siveless liquid of almost the same
viscosity as water) will be very help-
ful to know whether it is the corrosion -
that is the factor, and the only factor,’
to influence the wearing of steel when
water is present. B
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