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Impact toughness improvement of an undercarriage track shoe using
the Taguchi orthogonal amay experiment
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Abstract This study examined the toughness improvement of a track shoe used as the undercarriage of excavator
and bulldozer parts. The excavator is operated under poor conditions, such as the build-up field and quarry.
Therefore, the track shoe requires high strength and impact toughness to endure immense shock while at work. The
track shoe was made of heat treated boron steel. The sufficient possibility of hardenability with the theoretical Jominy
curve for boron steel was confirmed while quenching. The Taguchi orthogonal array experiment method was used
to optimize the process variables, such as area reduction ratio and heat treatment conditions (tempering temperature
and holding time), to achieve toughness improvement. The toughness of the track shoe increased with increasing area
reduction, and a tempering temperature of 210°C and a tempering time of 80 min are beneficial for improving the
toughness of the track shoe.
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[Fig. 1] Manufacturing process of track shoe of

undercarriage vehicle
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[Fig. 2] Section view of track shoe
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[Table 1] Mechanical properties needed for track shoe

Section hardness | Charpy Impact value

(HRc)

Reduction ratio of

Area (RA) ( Kgf m/em?)

>6 > 32 > 6

g Hg->ag Zes
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[Table 2] Chemical composition of 15B26Cr steel and Jominy hardness

Jominy

Cheminal composition hardness

Materials (HRc)
C [ si [ Mn P S Ni [ & [ Mo | cu [T [ A B | 5| m

x 100 x 1000 x 100 x 1000 ppm ’

Specification 20 15 80 <30 <15| <30 10 <5 <30 | <35 | <40 5 42 22
~26 | ~30 ~110 ~20 ~40 | ~49 | ~38

Track shoel | 23 22 104 17 13 6 14 3 16 29 26 22 - -
Track shoe2 | 24 21 105 17 14 6 15 3 15 31 27 24 - -
Track shoe3 | 23 22 103 18 13 6 14 3 14 34 27 24 - -

[Table 3] Jominy hardness calculated from KOMATSU
technical manual using chemical composition
of track shoe

AAska WYrs FA ddel] EAlske] F@ARITH

[11

item ]pminy DIB Jominy distance Jominy
distance factor hardness(HRc)

15 1.000 461
3 1.000 46.1
5 1.006 1538
7 1.360 15
SThf'eCkl 9 1023 6
bonA 1 7 1.220 3738
6T) 13 1415 326
15 1.603 238
20 2231 207
25 2,695 171
30 3,065 150
15 1.000 467
3 1.000 467
5 1.005 165
7 1035 451
S{‘f'ed; 9 1020 32
. 11 75 1210 386
10D 13 1.395 335
15 1585 205
20 2210 211
25 2675 175
30 2,695 173
15 1.000 461
3 1.000 46.1
5 1010 156
) 7 1.040 143
Track 79 10% 2.1
SZ%ZS 11 70 1.260 366
(16T 13 1.495 308
15 1700 271
20 2315 199
% 2780 166
30 3045 151
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[Fig. 3] Specimen for Jominy hardness test machined in lathe
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[Fig. 4] (a) Cooling apparatus for Jominy test
(b) Jominy hardness test site
(test position : 1.5, 3, 5, 7, 9, 11, 13, 15, 20, 25, 30 mm)
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[Table 4] Comparison of Jominy hardness between
manual based calculation from chemical
composition by KOMATSU Co. and experiment

Y

. Jominy hardness (HRc)
[Jimmy 29RA (6T) 1IRA (10T) 6RA (16T)
) Experim Experim Experim
(mm) ;
mm) [ Theory ent Theory ent Theory ent
15 46.1 46.3 46.7 46.5 46.1 46.5
3 46.1 458 46.7 46.3 46.1 459
5 45.8 45.2 46.5 45.8 45.6 455
7 445 42.3 45.1 43.3 44.3 432
9 42.6 35.3 432 34.6 42.1 352
11 37.8 277 38.6 27.3 36.6 28.8
13 32.6 229 335 23.3 30.8 25.0
15 28.8 19.1 29.5 18.3 271 215
20 20.7 16.4 21.1 146 199 159
25 17.1 136 175 12.2 16.6 12.7
30 15.0 10.9 173 10.8 15.1 11.2
—*= Theory
g Track shoe 1 ~a- Experiment
I 60 —8— Spec max
g 50 —— Spec min
g 40
-;:‘5 30
-, 20
E 10
E o . . .
- 2 3 5 7 9 11 13 15 20 25 30
Jominy distance (mm) .
. Track shoe 2 —*+Theory
& 60 —=—Experiment
< 5 —B-Spec max
w“ + .
& 4 LO Spec min
=
T 30
2 2 o
>
E 10
g o . L )
2 3 5 7 9 11 13 15 20 25 30
Jominy distance (mm)
= Track shoe 3 —+Theory
£ 60 —=—Experimer
% 50 —8—Spec max
§ 40 b —&—Spec min
E 30
= 20 @
E 10
S 5 A L .
2 3 5 7 9 11 13 15 20 25 30
Jominy distance (mm)
[Fig. 5] Comparison of Jominy hardness between

manual calculation and experiment for track

shoe 1, 2, 3.
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[Fig. 6] Heat cycle of (a) quenching and (b) tempering
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oA Brrt "olxle §e] WHE ol @A 4, R HISAIS
Aol FatH] 7 113} 292 2 A 5ol Aoz gFol
TAE A#EIH Mass effect)ol] 9@ Ao 71918k 5o B o] AzgAM B8 o] FARE, 4
= Azt A, W78 )l a8 9 PA= WEEY] 9
|

2 N9l FWs EY o] o ASHI(RA ¢ Reduction
[ [ [N to] (T : -
g | \ | | | s \Z ratio of area), =% >%(T : Tempering temperature),
:,/;/*25 AN / N Y, 3‘:?‘ - ol FA]AIZHC : Tempering temperature continuance)
/W/.:),}z ER— 11 +16 +17 S o 8] R e Auujg e Agsict 2 F
G
X_h:ﬂ oﬂ EHBH/‘1 Table 59’]' 7]'0] 7—1]'71' -r-ro Z‘ﬂoi X}
5 A48ty 952 2%(Q : Quenching temperature)
Hardness of track shoe = EdyF o2 3] Table 63 7o) Lg AnvjId T
w0 after quenching Il
2w - A9 s A4S FIate] k2] F7
= —*— 16T
2 50 AEE AAske 4 (3.1)Y o5 48 SNH]
2 #W .
E 40 (Signal to noise ratio) & H7}3+ 2483 A= Table 7
ZZ o YeRAATE [4]
tes3 466789 1111111111 222
o123 456 67889012
Measuring position (=4 svH) 11 @
= 'NH| )= —10log | — — X
[Fig. 7] Hardness in section of track shoe erTre g[ n;i=1 yf }
= = No.12] SNH] = —10log 1y i 7(dB)
3.4 SHAH n =582
Ed o] FAAEE AHS Fig8a)2h o] A st
gom KS 0810 3z =3ke] Figl((h)el 2ol AlHS [Table 5] Factors and their levels
A2} Tinius Olsen AF2Y] FAAH7| 2 SAAY
O] B ]}M J: F2o SANEYIE SANE Factors Level 1 Level 2 Level 3
L. AIA]GHS
< ekl ) A(RA) 29 11 6
B(T) (C) 180 210 230
/) A AV C(C) (min) 40 60 80
/ D(Q) () 870 870 870

[Table 6] Matrix experiments of Taguchi orthogonal
array experiment (Lo)

Impact test specimen

Froeiment | Aa) | B(T) ) D
00,05 Impact direction 1 109 | 1480 | 1@ 1 (870)

fe—» 0.
8 -y notch 2 1@ | 2@0 | 260 | 160

+H
------ EI : — . 3 1(29) | 3 (230 3 (80) 1 (870)
201 [, 5l 4 an | 1asm | 260 | 160
27.5+0.4 27.5+0.4 N
5 20D | 20 | 360 1 (870)
55+0.6
6 20D | 3@0 | 1w 1 (870)
[Fig. 8] Ezti))) Sspem.men c;btal(l;;:d from track shoe 7 36 1 (180) 3 80) )
pecimen for Charpy impact test

Spoification. KS 1 0510 8 36 | 2@0 | 1@ 1 (870)
9 36 | 3@30 | 260 1 (870)
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[Table 7] Comparison of impact value HAHEAl ] AR R NE 9] LEB)E WA Aw 3
Experiment No. | LV (Impact value) SN value (dB) (Total sum of squares)oll tiate] 63%9] 43S WAL,
1 58 1527 sal(A)S, = FAATHOS &g A 32% 9 o
2 1 2114 g )2}, 0|9} Po] BAEAL i BHL 54
3 116 2129 Goll WA 74 QAbe] el e A 718 44
! 60 16 s, 9% welstel 1 AEE Frkshed ok [13]
5 9.6 19.64
6 78 17.34
7 62 15.85 .
3 73 17.27 %
9 86 18.69 %
ki 83 18.06 T;
R
=
A4 £2% 3] 9 54 SN H)E ol gsje] B
HrEA (Analysis of Mean, ANOM)¥} EAHEA 2
(Analysis of Variance, ANOVA)S =33}5it). o714
10 :
Sum of square due to factor j = 1 2 3
3(my, —m)? +3(m, —m)* +3(myy —m)*  (32) Level
138 [Fig .91 SN value for each level
m (Overall mean value of 1) = 3, =18.06 (dB)
i=1
Sum of square due to factor B = 718wl 54 e A= ke #H e
. . ., o] %3gre 2=z = olsln ol -
3(15.56—18.06)* +3(19.35— 18.06)* +3(19.27 — 18.06)* A= ABGD, FE, S Wk 29, Y S 21
s 0°C, 9] FAA 80, 99 £ 80T AL & % 9
T ok wehA o] AH2AL 443 FA P o2 A
AL SNopte The 212 ezl
714 me m = 1/9XSNi = 1806 (dB)o.2 )% 1, o
93] s4 Az HE ALtEE SNio] Hatghe] =i, myj
B N SNGPt: m+(mA1 —m) +(mB2 7m)+(mm —m)
= 7} ARk} e Hargkelth mii = 1/3X(SNji 2 :
ol A1, jelRbel w3l i42G=12.3)01412] SNH] Zhe] =18.06+(19.23—18.06) + (19.35— 18.06) + (18.93 — 18.06)
I, SNj Al (Mean square)2 UERIIT =21.39 (dB)
1 A3E Table 8l HeRSIT (33)

[Table 8] Analysis of Charphy impact value
(ANOM and ANOVA)

Average 7 by Factor S ¢ Sum of
Factors Level (dB) W0 O R | mean | F
square
1 2 3 square
A 1923" | 1768 | 1727 6.41 2 320 | 0.15
B 1556 | 1935 | 1927 | 2813 | 2 14.07 | 0.68
¢ 1679 | 1846 | 1893" | 759 2 330 | 0.18
D — — — — — — —
Total 4213 | 6 | 21.07
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7h Agebs 3 me] o) A QR ows  mg) Sr7h SAgke] A 68%F 71efste] 7 =
2 74 S T AR YENITE o] AllEte]  om ZF 2ol = ghehn] 29, gl 210T, =Y A+
E 24 9] g@avt iteo] HepolEe] F&& Y AXRE 80RAA FARk] 7 Hol HE ew
T AEE SRR T8 SRy Moz A, BAEAh o)F AR & HHzAA A
Adgkol A9l dAstaL k. o= & Aol H s}
[Table 9] SN value at the impact experiment of optimum | Ed 220 "Hg I8 24 ©23 Ao| gy 8t
condition
e Zle & 5 9ok
Experiment No. LV (Impact value) SN value (dB)
10 12.1 2165
1 6. 22
(SR SVl = 710103,»[ = } (34)
) E9 o] FAAY e glate] Y 5ol ghahl,
No1021 SN, ¥ = 1010%{121 ]‘21 65(d5) mg) 2, mel §AAZS MR dete] TR 7Y
o Aaj AT S T3l AN Pl vA= &9
o wAskslt o A3 BEY o] ghebrle el 24
5. A|3 Zop @ pE = A5 “’LE%:T FeHr7t E2 o] FEet, =4
S 20Tl A SAR1I0] ghol = ol &5t 5
5.1 Z0O|L| Ad= 7F @5 FAA N fels Agek, Aemgle) A
et o) 98 o] = Zu| 3719 A wwst st B THRA 20T H-2ol A FARke] Ast
S e S5 Ao uEhgt) J15 A-aas 5 H71 dhmolnh Eek el 4] AlRtell A= 80w o]
7 et 91, J11 AA-A = 3o A wgst 574 FARE Agsks Aol SAQA Rt As &
Aol 2Rk Slek e AZgke] Ape 3wy AW
23] J15014] J57HAE= o] E2]9} v Zak 43S WL}, & Aol A Auedd gy o] 488 Stk
J7 Bo A BEE o] 27thr) Wol= AL o 4 g EU o] TAX Pl AR AHxAS EEdGle
o} o= AzAANA BASE o] W] ofa Ay T O e AN APH = B o] FANA
= etz 9 o|=3 A4 ZuU AwgA o Tl A 71T AL T|RiTh & AT A=
WshE Aoz BekEh AR, Al gy de A B el sheged Aldstel, ARk 4914
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