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The Recent Trend of Wear-Resistant Materials for Construction

Machine and Heavy Equipment
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Table . Classification of construction machine and heavy equipment.
o Persentage
Type Million yen (%)

397 281 54.7
(1) Wheel type tractor (177 898)
Tractor (2) Crawler type tractor (219 383)

(Bulldozer, Dozer shovel)

77 204 10.7
Construction crane (1) Truck crane (76 523)
(2) Wheel crane (681)

Excavating equipment (1) Shovel type excavator 179 603 24.7

Tunnel boring machine 5381 0.7

25571 3.5
Grading machine (1) Grader & scraper (14 728)
(2) Miscellaneous (10 843)

5753 0.8
Asphalt paving machine (1) Asphalt plant (3 042)
(2) Miscellaneous (2711)

25 942 3.6
Concrete equipment (1) Concrete pump (8 980)
(2) Miscellaneous (16 962)

9612 1.3
Foundation works equipment (2) Pile driver (5 310)
. (2) Miscellaneous (4 302)

Total 726 347 100

Photo. 1. Bull dozer.

Photo. 2. Dozer shovel.

. W=Load
|
Sidi
iding e, Q=Volume swept
velocity el i through by abrasive
Abrasive Particle
Particle- Abraded = surface
/(Hardness=p,
/@jza.
Position after Initial
sliding a distance position
Fig. 1. Idealized picture of abrasive wear?.

Fig. 2. Gouging abrasion.
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Fig. 4. Scratching abrasion.
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Fig. 5." Schematic diagram of the apparatus for
scratch hardness tests).

SENOERNEIN
Helical Fixed ,
Qear fulcrum
L) |
Weight

%] Rotationof Specimen
\ 100~ 400rpm
Abrasive

(#7 Silica)

Fig. 6. Apparatus for grinding wear test?),
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Abrasive intet

Shaft
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1 Outlet

Fig. 8. Schematic diagram of the apparatus for
wear testl?,
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Table 2. Hardness of minerals and

microconstituents.
Hardness
Minerals -
Knoop Hv
Talc 20 —
Carbon 35 —
Gypsum . : 40 .. .36
Calcite ' 130 140
Fluorite 175 190
. Apatite 335 540
Glass 455 500
Felspar ' . 550 600~750
Magnetite 575 —
Orthoclase 620 —
Flint 820 950
Quartz - 840 900~-1 280
Topaz 1330 1430
Garnet 1360 —
Emery 1400 . —
Corundum (alumina) 2020 1 800
Silicon carbide 2 585 - 2600
Diamond 7 575 10 000

B ieo'm

Aluming
(80 m)

(80 m)

AC:As cast
SR:Stress
Relieved
CR:Coid rolled
HT:Heat |
treated
QT:Quenched
8 tempered| -

e e )
7T o —) i)

O 10 20 30 40 50 60 70 80 20
’ Wear (mg )’

Fig. 9. Influence of various abrasives on the wear
" of ferrous materials??).
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Fig. 10. Relation between abrasion ratio and
the bulk hardness of various steels
" (Standard T.P. SK4 Hv 627)29,
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Fig. 11. Relation between abrasion ratio and
the abraded surface hardness of various
steels (Standard T.P. SK4 Hv 627)29,
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A5 v VRO 75 4 VT v S BRI R A EEE
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— 124 —



o

»

=~

BE - EABRANEEM RO REDEM 293

Table 3. Parts of bulldozer and dozer shovel.

Parts : Steels Chemical Composition  (wt. %)

. SMnlH Rolling 0.33C 1.30Mn
Track shoe Mn-B steel Rolling 0.35C 1.70Mn 0.002B

; SMn3H : Forging 0.43C 1.55Mn
Track link Mn-B steel Forging 0.37C 1.10Mn 0.0017B
Track bush SCM21H Rolling 0.15C 1.00Cr 0.25Mo
SMnlH Forging 0.33C - .1.30Mn
Sprocket SiMn Casting 0.44G 0.50Si 1.10Mn
Track roller SMn3H Forging 0.42C 1.50Mn
Cutting edge Mn-B steel Rolling 0.35C 1.10Mn 0.0017B
End bit Mn-B steel Forging 0.35C 1.10Mn 0.0017B
Table 4. Chemical composition of SHSC-3H and SHSC-2H (wt %).

Steels C Si ! © Mn P . S " Cr Mo Nb B
SHSC-3H 0.33 | 1.55 ’ 0.53 | 0.018 | 0.014 | 408 | 0.97 | o0.05 —
SHSC-2H 0.30 | 1.74 ‘ 0.51 | 0.009 | 0.016 | 0.60 | 0.12 — | 0.0012

. i
150F I ! 1 1 1 i sob

o Composition _range (%)

manganese 0.7 -15
5T e " 2208 -
chromium -1
g‘ ’ molybdenum0.2 -0.5 50F o
& 1301~
Factor depends on O 0\\ L
S 120 degree of solution = o SHSC-3H
w of carbides =
o
210 T AT @ 401
Unw ”J Ll“ H u 5 sHsC-2H”
a0 I | | ] . @
100 T °
02 04 06 08 10 12 14 ;
Carbon(ey,) 30t

Fig. 12. Influence of carbon content on the wear
rates of martensitic. cast steels!l),

DY S VD XD IGRBE W T2 v ISR 51T
LZWETRFER P HE L O BEEEAT BE O BEN
600°C 1z d ER T2, CDXSeEmBs L BED
=T VYA MRTIREEL E LREYXHE 2 0@ X8
ETL, ZoERMEBEEELZBIEIT5. Lizaio
T, TOXHBEIRBED L LIRILET L Ok X L HEa
i BEEEM 1L A B3 %, Table. 427 1= Si ¥nic X v Bed
ELEIEERYED - |MEDOHZRT. Fig. 13 - h
DOSOBES £ U SHB CEHREMEAIhCLESD
BT 70,

2:4:2  ERIM

T F=FOFTV—~FRE VT 5y 7D, wLTg

20355400 450 500 650 600 €50
Tempering temperature (°C)

Fig. 13. Effect .of tempering temperature on
tempered hardness??.
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Table 5. Chemical composition and mechanical properties of SHT110A and KN 360.

Grade of Chemical composition (wt 9;)

tensile Steels

t th . .

Eﬁ;}ﬁmﬁ) C Si Mn P S Ni Cr Mo Cu Al
110 SHTI110A] 0.19 0.29 1.40 0.023 | 0.008 | 0.02 0.30 0.01 0.02 0.05
140 KN360 0.21 0.32 1.44 0.023 | 0.014 |<0.05 |<0.05 |<0.01 |<0.03 0.06

Grade of Chemical composition (wt %) Mechanical properties

tensile Steels Reduction

strength v Nb B T oy 0B Elongation of area

(kg /mm?) | (kg/mm?) | (kg/mm?) (%) (%)
110 SHTI110A] 0.032 — 0.0014 — 101 115.7 15.7 —
140 KN360 |<0.03 [<0.01 | 0.0016 | <0.01 146 157 14.0 34.0

Table 6. Chemiacl composition of casting steels for construction machinary (wt %).

Steels C Si Mn P S Cr Ni Cu Mo
Cr-Mo 0.33 0.60 0.06 0.90 0.15
. 2 2 b <0.030 | <0.030 by <0.30 | <«0.35 b
casting stecl 0.43 | 0.85 | 0.85 1.20 0.35

High-carbon 0.40 0.30 0.60
1gn-ca 2 2 0 <0.040 | <0.040 —_ — — —
casting steel 0.50 0.60 0.90
2-4-4  P5ERI X OEEER

o

o
o

Abrasion ratio

SHT60 SHT1I0A KN360

Fig. 14. Gouging abrasion ratios of ultra-high
strength steel plates2®).

V140 F rEEESDSMOGIERT. Sh bk Mn-B R
DFEMTHY, BWEEOENHDIECEL, Gy LT
Peu 2MEL B X 2 bh, F&, BB L THEETE 5.
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f, 140 * mREENMT 2.3 T T 5.

2.4-3  BIRE

it RV BERERR L & LRI S h b & SR
Hgb i, FA R —FRED N T v 77y ¥ 2 AT
FEME L RO LD BRI ELR TR Y, i
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mm 5 X5 R KRR ORKAEI I 5.

T b —=FDAT vy, b EHIROBEMIE O
FUEEHRD = A e B Rl 7n B, Table. 6 X Difi
BHIA R, WEEER R LTS edic—iic CZix
BHDOL DML

F oA F Y Bk TR R ER SR
BESEE Cr =45 virA4 VN FER I T3
Table. 7 i Cr =45 v 1 FEEROBIARITRFI0,
& Cr #8812 Ni-Cr 5 A g58ko 1.3 5 DM EREEDL B
5. & Cr = A5 v FEgReB L TikiEsie 20Cr
~2Mo-1Cu Z3 , 18Cr-1Cu-Mo 33 75 &% { Ot &5
b,

3. WAFEEAE

3.1 BAFNEEQRGONEIBHRE

BEOBEOWTILEE X% Table. 8 O X 51sy
HINTW5®, Zhbod bEREROB NEERE
HITEBRHEENE 72D, Yy F v Zaid ol b
7% DT, BTIROWTHRRS.

Ey F VI EABOEREESTCLSLDT, TOA
Hh = RMEOED XS IcEL B T3, Fig. 15 X
TR DA EC BT 5 TTRER ERAR L
F2hDTHDH. By F v SRR ARG tmaxs D
B KX 55, XY DIy Fig. 15 FEE
Tmax DOFMEIIPRICH B2, EEOWETIIZ AHD
DIEBNETRDEE L) 7D Tmax DMEIL LIEWVIC
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Table 7. Comparison of martensitic white iron alloys in grinding.

Composition (wt 2) .
Description and heat treatment Eaxé:ines f{\bi'asmn
: « C | Mn| Si | Cr | Mo | Ni R actor
Martensitic Cr-Mo white iron, heated to ’
1950°F, air cooled 2.8 1.0| 0.6|15.0] 3.0 — 66 89
Martensitic Gr white iron, heated to 2 000°F, 271 1.0] 0.6 925.0 o . 64 08
air cooled
Chill cast Ni-Cr-Mo white iron, cast, cooled |
in sand, tempered 425°F ’ 3.2 0.7} 0.5, 2.0} 1.0| 3.0 59 107
Chill cast Ni~-Cr white iron, cast, cooled in

Table 8. Classification of gear tooth wear and failure.

Wear Normal wear, Abrasive wear, Scratching, Overload wear, Ridging
Plastic yielding Rolling, Peening, Rippling

Surface K . .

. ) Welding , Slight scoring, Severe scoring

deterioration :
Surface fatigue Initial pitting, Destructive pitting, Spalling
Others Corrosive wear, Burning, Interference, Grinding checks

Tooth breakage Overload breakage, Fatigue breakage, Cracking, Quenching cracks

ER P, (Hertz stress)

N i

2b— '

(Contact
" width)

Tmaex * 0.3 Po
Depth of 7max : 0.78b

Fig. 15. Pressure distribution on contact surface
(p=0).

R (Hertz stress)

(11D

e e e L e

O

(Contact width)
qux : 0.43 pO
Depth of Tmax : O

Fig. 16. Pressure distribution on contact surface
(p=0.33)35),

BFEE FL % (Fig. 16)39 . =20 BENRE (2T

EAEBRER L€y F v 7 EMNFE LTV 5,

photo. 3 BB =F v BELLY , F v 27D FIT

TP

«—Root

Photo. 3. Distructive pitting in a spur gear.

Table 9. Various types of pitting fatigue
test machines.

Type of

. Test machine
specimen ¢ ¢

Disc and ball | Rolling contact fatigue machine

Roller Geared roller test machine
Gear | Power circulating type gear test
| machine

BD. BITHDERE~NADCTV BRI EFLTW5.
¥, WEHE ~0 ZO ERAEL 25°~30° 3%
3D,
3-2 ZARMDENRKRAE

WHEMBOM Yy v 7BEORBRFEESET 5 &
Table.9 D X 5wKies. HREEHARBREI T 20z
EALERL, =7y vIrRAMBeEERG L LcRBR
HLTCW5D, =552 MIe—FE5 LOEMICID
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BHEOMLZSECRELZFERE LLLDOT, T XI%¥hHicz
B ENTE, HEMBOWE y 57 v 7BEZHNDL D
A EsOEEEOBVABTH S, Fig. 17 ke —
SEyFVIRBEOBELYRLELDT, /he—-5%
RBRELTohCADTRND Bz bh 5. D&
w, EEoOEEYES KB EEDOD DB B,
B HEBADO S D%\, Fig. 18 13 20M% R

@ Test roller ® Bearing
@ Loadingroller ® Coupling
QD Gear @ Belt

@ Gear ® Motor

Fig. 17. Geared roller test machine.

® pinion

®@ Gear wheel
® Drive gears
® Load clutch

® Locking pin

® Lever arm with weight pieces
@ Torque measuring clutch
Temperature sensor

Fig. 18. F. Z. G. gear tester.

3.3 HEMH

AN —FHRERMNY , F v 7BEY BT 5005
WEAEXAERIND Z EDE . TDOREA LR
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FHZ DT k<%, Table. 10 137 4 F—+ bk
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1.0%C Bk LigiEARBEL & Le L CEbhT
0, FKEEZ L HrC 60~62 TH 5.

ITRI (1 ) /7 1 TRERZAHBIFZEAN® Tikw—7
EyFVIZF bk, ¥YoF v/ HBELRSXETH
g, CE, MEmtEABEEROEECOWTEDLDT
IREH O ER 1T, TOBRKRRNOBEFRE KD,

log Byy=2.57+4.41(%C) —2.11(%C)?
—7 log (5/100) +0.014—G
By : v, 5 v 7 (x108)
%C:KEHCE (wt%), S:~AVHEE (ksi)
A : HigmoEREE (X 109)
G : KEBOREDOHFEIT L VIRDER

CEIx 1.06% FCi#inct by y F v 7Hp
A LIRS, REBCREEEAREBR(-F 1 1)
DB EE, T v I7BMMETT5. KEADOKNARILE
HRETHEE, F VY IFEMMET T2, TEEBEAR
Mg iy, F v 7B I TR LAY
ERR., BYIGTIBE IOE-EA AT F A MIEy 5
vV IBMICEEAEREE I,

OEEZ, Yy VI/BEREEREINBWIZEREL
eHE LR X mbh T35, Fig. 19 3EMkKHE
DEREBMI L vy Fv 7 FaDBEFRE S LLIDTH
HA0 FEIXOHIMCE by v 7FmRE ET 5.
FEE X% B 5 i SR i BULERE B 4 &L TRE
nTW5., Ay 0.7~0.8% wBK LikiclE
BEANRT S B BEMBA L TREANDDIDTHS.
Fig. 20 13 o 0Fikk & % BEREEANM OERHEE I 2R
Licdh DT, BEOBRRKREANUE S K HRGCG2.5
EEEINE D, S OMBEOEBIIA—~AT 71 1tk
Bk L0k — A7 4 MURFRRZES T &
IoTresr vaag ORGP ToIREETRAR
L, =25 F4 rho CRBADIRL, BARKD
B4 — AT 4 Y5 BLT LR o2 & Th
4. FOldBEANE I EL /nbH. photo. 4 X DEH
BEESAY TR, £, Zhi X ) EBREENHFWAY

Table 10. Chemical composition of carburizing steels for heavy duty gears (wt %).

Steels | ¢ | si Mn P S Ni Cr ‘ Mo
SNCM21H @J7~023045~035a6@~035 <0.030 | <0.030 035~0J5a35~015p45~03p
SNCM23H }&1%»02#&1&»035&40V010 <0.030 | <0.030 fjawzﬁoas&;aaﬂulé§oao
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SNCM 23H '
Carburized gears
5X10° f
o)
c
'fé
e /
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z" |
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o Induction hardened |
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[}
10 !
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HrC

Fig. 19. Effect of surface hardness of hardened
gears on pitting- fatigue®),
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65 \\\
\\\RmMy
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6 3| 8\ \ 7
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! \

Stowly 9
heated

S 10 160 180 200

quenched  Tempering temperature(C )

Fig. 20. Effect of heating rate in austenitizing on
hardness of the steel SNCM23 quenched
in oil and tempered to various tem-
peraturestt),

DRI L By FayCH 3 A L35 (Fig.21) o,
BRI BENI P IR R DB —EREB R 7 A
TVvE=THARSEICEAL, CLRAKBKNYEREE
CRAZE, BANGKREABSEOBREA — AT 51
P (40~60%) HEELDLEDOTHS. BEHA— 2T
FANPEETDEEINMETL, €y F v I7BENE
TT5I5Bhbhsd, #He, BRCEBECEETS

99
O»
:\:90 //’
§ ﬂwamef
Q. )
=) ] -
50 T e o
£ » ]
- p3 F 8§
5 ) p: d
3
glo J ﬂ
/ O/
°® Rapidly heated
30 I l

| 30 50 - 10 20
o » Cycles 1o pitting (*10°)

Fig. 21. Results of rolling fatigue life test of the
carburized SNCM23H quenched and

tempered after austenitization by rapid
and slow heating?2),

[{o}

9
IS
Carburized /

4

/ (/ Cabonitorided

[{o]

(@]
=

ed, frequengy (o)

Cumulat
S o
~~~o—

o

] 2 4 68 20 4 60
Cycles to pitting (x10°)
Fig. 22. Comparision of rolling contact fatigue life

between carburized and carbonitrided
specimen?®),

BECRBEE A —AT 1 P AFSEHEE L.
Tiebb, BEAX—ATFF1 b5 40~60% DL oD
BE 21k HrC 52~60 Li@# OBRMEH < BB &
B\, ZDHHEDONLZEVEORI DRI ) E
FERETIR5EEI, ZOBREF—RATH1 23
HERL, AT vyA METHZ LRI DL, B
X2 HrC 62 w ERT5. ZhicRk v, v/
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(a) Rapidly heated

(b) Slowly heated

Photo. 4. Comparison of microstructure between rapidly heated and slowly heated specimens.
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