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[Abstract]

This study is on the improvement of wear resistance of roller tappet assembly which is applied to
V-956 engine. Although the TBO(Time Between Overhauls) of the engine and roller tappet assembly is
more than 9,000 engine operating hours, about 60% engines which were operated within TBO suffered
severe wear on roller tappet assembly and failed to operated normally. To find out the cause of wear
of these roller tappet assembly, finite element analysis was performed using ABAQUS based on the
investigation into roller tapper assembly and the operating conditions of V-956 engine. As a result, it
was found that wear occurred due to the low hardness value of the roller surface under certain
operating conditions, and based on the analysis results, we proposed the optimal hardness value for
improving wear resistance on the surface of the roller tappet assembly. The results of this study were

applied to the mass production of the corresponding roller tappet assembly and are currently in use.
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I. Introduction

2 A V-956 dXlo] gA1E 22 Bl 2A|
(Roller Tappet Assembly)2] Ujot@ A 7fjAof st L
o|t}. V-956 ANX12 Xl 9] 7]%(Engine Cylinder) 4

o we} 12V-956, 16V-956, 20V-956 QIX] S oz 18
o ZYoa= KOO, FOO, KOO £ sl U 9
o] dixlog ALE1 Q= Qlzlojnt. V-956 QIR U
22| BBl x4A9] A7du](Overhaul) £7]= 12V-956,
16V-956, 20V-956 <Al = <zl welof wha} &4 A
OJ5IAITt, 1% 2|4 Z7gH] 7= A 7HSAIRE 718
2 9,0004]7F o]ato.2 A Eo] glct.

J=uh A-Y] 27] U oh AIRI(AA] oK) oF 60%)
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TORHE] X[&A 0= EOt AlRlo] A7|E]lry Dol =

ZPAl oigt 7id 2 7igo] Hg
Z138%l Aol glo] ofid £&9] o] Qs HESZ S
g st 8 Folglon of 1071€ol2h=
AG7|IZI0 2 Qlsto] npedt XjiLg P4t v|Fsto|of st

%

)1

% ety 1S S5 G sl g
op A8 g7ty E2 A (1ol UEd Archard 2
49g & ool £7] Archard 8RS SAltw
(Adhesive Wear) JEIE 7Pdsta 71gE]Ql oy, ©Ho]
=2]AQl oJu|7t £ utRaKTotal Volume of Wear, W)
7} & d=(Contact Pressure, P) @ Atf 0]112]7] 4
Z(Relative Sliding Velocity, v)o] H]|gste ZAx
(Hardness, H)ol whiejaicis Zojma  exnim
(Abrasive wear)?} I Z20}%(Fatigue wear) o= 1
oju7t AL 7hseto] BsiA Ati2-4].

a b
W= f gL Y at (1)
H
o71oX K, a b, c= A&, OEA%(Friction
Coefficient) & JZo0] €sk= HH20] 170 T2 2

A AF4(Dimensionless Constant)o|t},
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Rolling Contact Fatigue)S Y= BWHO 4L BH 7t
7= H]7} 0.91~0.97 Ato]Y o FA9] WjutwAjo] LEd
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Zares A (Finite Element Analysis)
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II. Roller Tappet Assembly

1. Components & Function

Fig. 104 & 4 %ol 221 el 23Al= &A
(Body), H(Pin), $A|(Bush) ¥ Z=2{(Roller)q] 47| F&
o2 4o} gict.

==

Roller —>

(b) Assembly
Roller Tappet Assembly

(a) 4 Components
Fig. 1.
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Flg 2. Oﬂ UfEHH(;)iq 1%l 715 Lﬂoﬂf\i ﬂf&} %7]q
Z9urgo 2 Qlsto] mAE(Piston)o] Ao 2-E5HH,
olof @2} F2 3 Z(Crank Shaft)o] &]HsHA =1 78 &
(Crank Shaft)e 3233 Zu}o] 7]oju|(Gear Ratio)o]
2} 3783 & 3450 1/2 &= 2 s =}

2
S
Valve Spring ——>

<«——— PushRod

Valves

(Intake & Exhaust) L-., "

Roller Tappet
Assembly & Guide

s Cam

AN

Piston Cam Shaft

Fig. 2. Position of Roller Tappet Assembly
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2. Wear Phenomena

71eu¥ 59| 7]2A2R-S(TDP, Technical Data
Package)oll= Q%51 3 22| Bl ZPA|S =asth A7
TdE2] F7gH]

35 Z717t 780l o, A7de] 271 W
RE oAl Y BB Ya AEoln 24N L o4 o}
L A

B e O Fo] WAYSHA] otof oit.

T2} Fig 3,014 wol= vie} 7o) AH] 7] ol
o] 22 el xAQ o)A nfrdAto] X|&HoZ B
EQit. Fig. 3014 & 4 1ol 22 BfEl 2A9] ol
0}2(Abnormal wear)= 22| ZHO|A wAL|0], oZl
7FeA)zto 2 OOOAIZE AFRS Fig. 3.9] 22 g3l =
P 22 mHo 49 339 2o ZY AE
(Surface Roughness) 2| 39| 3t} o]/e] £H eyt
2 7 ol Zloz SAuoi

Moon §9) 70 w2 1885 m2rt WE:
ERHe] FR 24 AEle mE(Piting) X A7

(Scuffing) 0.2 Y &9 0m[13], Fig. 3.9]A] Ho]= v}
oF Zo] 22 BN ute FEje oY P A7PoR
A £YAS B 4 ck

ojef 1719] &2 EHOA o]4f vpRrt LAYSHA HH
2 9Ist HAISHE(Eccentric Load)o] S-4lj7] ¥¥E o
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A 22 BHIANC] 02 WAJo 2 ojojx|n] njRI} Als)
A9 ARl Ago] Bl sl oz SAe.
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Fig. 3. Scuffing and Pitting on Roller Surface

3. RCF & Fatigue Limit

Fig. 2.0A2t Zo] E2|= 78} BHEAQ
. 9lo0] BEH Alolols Wn Axao
(Normal Stress)ut o2 o1sh A
o] EAl0] AFgsic}. oju] S2 o] ALs}e HA| S
9] &7F23(Equivalent Stress)o] S
(Fatigue Limit) o]/o] =|H BHo| AAARI A/dHY U
23 755 71573t Aol WAL o]of
(Crack)o] @7d=lo] mHof oter} 7‘J°“0}7ﬂ '1}

223 B 23RS P VY THE

2 o7|(Fatigue Limit)g metstr] 9fstod 7 £
B&=0f gt AA| HlolE & vig o2 M. Fujita :Ol AIA]
st 32 7re(Yield Stress)-H|AHA(HV) Ax AL (2
2 [SO - 182650 T2 ¥[HA He-239 Z=(HRC
sptne ah8sto] Aejsiglon] 1 A= Table 1.9
LIERIQITH 14].

E
=
ETI
ne N

Yield Stress = 2.736 HV — 70.5 (2)

TEASE Lo TS e A= BH 4, AF
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Table 1. Estimated Fatigue Limit of Each Parts

Part Estimated
ar Fatigue Limit(MPa)
Body, Pin 1,926.8
Bush 1,571.1
Roller 1,680.5
SRl A7) QIRIST Btsto] 22 Bl 2Rl 4
o A Aolet Che B ARRSo] WS Al gt
79 & uet H AP s 5o M2t 23 Fo] oA
L5, AR 8 ARE 52 A= Heleiy o]o] w2t £
R91o) 5 92, Adh olne S5 U 88 A7 SE A
77} Wistsl] tzolct. @Al W] A9 Ikl B uE
ko] Aerd H AA /S 1isto] & Aol Al
Soirt. 131710 £ o)A V-956 alFle] AR Al
8 2718 AMAEAHComputer Simulation)g 02K &
2

E3io] Aot A0) S vigo R Uokerd A
S 74
(o]

III. Finite Element Analysis

1. Mechanical Properties & Mesh
AR 28 A 22 Ej zUA| S2] ERlo]
oo wm 9 A0 A& 22 7o tiat BAS Ajsh
A} ABAQUSE ol&sto] a5 2Hs 7dsti.
2o) Y ZAHES el Qe 4] REL WYy
A(Deformable Body), 22| E}#l =379 1152 9t
7§2 J ZAkS 1sto] ZJA|(Discrete Rigid Body)=
Lusiolc), 2o 8 AR 2 PHE EolA] o
2 A= Table 1.3} ZZon & A |4 (Elastic Constant)
9} Zo}4 H|(Poisson's Ratio)= 2tz 205 GPa, 0.30.2
7Pgshal 3Ad A E Higt siAg Hsto], A9
di=2 dsto o4l 2719 88A(Node) &35 Q4
(C3D8I, 8-Node Linear Hexagonal Solid Elements
with Incompatible Modes)S A}8-5t5ct
ol Fig. 4914 & & %ol S8 mHOIAY ot
A2 12t 2ot A 27 259 Q4 (Element) 2
715 B 259 a4 F7] gE] A skl §5] 271

Assembly

$EO AEY B9l 0ab o gl o] o g AUs
Fo=M E2 RUA AEste 3O FLS I
E—]'O—!-(_Sé]— _/F_ 9\)15% 6.]_(}&[;]_ (b) Mesh for Assembly

Fig. 4. Mesh for Finite Element Analysis
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Q4 27)0] e getasd Aie] 23S A
She RS Solol ABK0R B Ruo] AHgH WA
40] 2t 23535570]n] O] 2 259,0977Ho|ct.
Table 2.0] & sfiAdof] ARG 4] FEE 2|5t
Table 2. Numberof Elements and nodes

Parts Number of Number of

Elements Nodes

Body 6,491 9,244

Pin 8,640 9,805

Bush 10,400 12,960

Roller 106,240 115,038

Cam 103,584 112,050

2. Load and Boundary Conditions

SRl 1O Al FE Tie 212 &8st 14

T 22 B AUAS PASHE Ml HEL WA 3
78 d(Cam Heel) £YUE =2 BHI FHAZ]AL, FA]
2C2 59 AgH Wy Amelo] 27] 815 AR
E A 4(Dashpot coefficient)= ABAQUS Interaction
Modules #-&sto] wHigjstozn E2] EEl 2A|9]
AAl =& g2 st o] o, 2R YolA B&
o] EMgH= R &= BHE General Contact 2718 0] &
sto] H-Tf-WH(Surface to Surface) B&o0] YL = 7]
oz dAstt.

oll
——

ol

28 gHoA twrt A2 wiATE 28 27S
BASE] Yste] oA IS Friction Coefflclent)Q} aAxl
=845 o5l FAIs }Oﬂ'l} Barszcz S0 w2 ofixl

Jﬂrﬂ

U RselAe) obARE s1F AR AMgEE o
29 53, o 4 £ U RG] ) Aot B
Aol Qict.

2 A3l o] qq& wy

2 g ozl &8 25 HJAE' 25to] IRl &
Ul oAl A2 kel 0135 3
S om[15, 16], AMXI] & &£wo Tg F2 Eﬁﬂ
S 2RIsH7] Ysto] 7 F9 FREEE

500 RPM, 750
95tQ AsjAL

LY
250 RPM(Revolutions Per Minute),
RPM(V-956 QK] FA&E)0 2 5o
Jstct.

ojeff, 74} oo wt E2f BBl £FHAN A= A
st 259 RSt P4sigion], Fig 5o £ Ao
Age g2 e ol gt ARz
(Boundary Conditions)g WERJSI T

ESLIE

Spring Lead; -~ '.

&

Up & Down
Motion

. Revolution

Fig. 5. Load and Boundary Conditions for FEA

3. Results
ABAQUS Dynamic Explicit SolverS AF235H0] 3]&x14&
Lo I 22 el 2PA MHE 1Y 5 HEHIE &

OJA|2 3=(Von Mises Stress) & A5 A5
o} old, 3 &weof wAglol ZA9] 3 AR|of whE
B2 33 JHIE AT 4 A= 78] 17180/ rad)
g diojct 719] Zigke A4S 4 A=E Shi
78 F9] A &7t 217F 250, 500 RPMY -9 739
A YR]of HAIglo] E2 BBl 2PAIE Hdshe A,
H, ], S2of] AHgst= 2o 2432 Table 10 UEf
o 7F R Mz RS Y ZAoR Solw Qe
Fig. 6.0 78 &9] 3]A4 =71 750 RPMY 3% =2 Bt

o AYAS Pk o) 1B Agste A 9
3 =22 muolA A Selo] WA To 710 8
$IRIE UERYICE 78 50 BlR4E7} 750 RPMY S
o= 2R, W, Ao AHsH AT S 717} 76.97

MPa, 670.6 MPa, 1437 MPaZ sl H-£9] oj& stA&

O e S| Agsh Zow alsglo, 7 [
SPitch point)olq Eoioh 4L 42 g2 £l 3
=2 AR oF 40 MPa =2 1721 MPa9] x|t 230]
5892 Sslar), BAlol 49 tie P 359] vl
NohHoz A g2o] Agsigt, ol BAo BE
she 7lo| =t Bl Alejeol] thoz S
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Fig. 3014 % 4 9t 22io] oo} #2ixlo] 2 o,
B3 W) L7} A 2.U0] Hof 0pALT} HE el
3% V-956 QRlo] HALER LEEW BAOM 12
g ool g2o] AHglo] M Aol FRA O W
BHI o3 A|4H DRl LgOo A Pyl &

NI

Body & Pin
Max 76.97 MPa "'I\'Iax 670.6 MPa

Bush
“Max 1437 MPa

£ 2 j

Cam &
Roller
Position

Max 1721 MPa

Fig. 6. Max Stress Values and Cam Position

IV. Improvement of Wear Resistance

1. Proposal for Optimum Hardness Value

2o} Bl 3R] 02 e ATt 7ERE 2
o o3t B2 mRie] me % A7 Folnl, o] BA
o] siAg glstol 23 B FEzle] 5712 Akl

J2u 9] B AEe ZxiAel it 289t
BEshe 7 BHO] 0lRg WAL 4 glone 23o)
iR g 248 A7 3 YES she 2K 23 BYY
AEo] £&o0] WQstAct

15 HE 120 e ujR s FAs 4 e

Dazt] A& o] gt AP WE-2Y gqRol
2Ls] A= ATH5-12]. Steele 52 HZ

HE 57121719 2]20] nhe
£ Hgdoe Zastn ol ntwst Agsos bt
12 Z7PAIE e oha
H¥HOoR ZasiAeh B2 ohuo] Wbt ¢SS W
UiAH17]. Steele 59 20| 'T—H} 7] A=-2d 2
oL 78 15 28 v 9 2e) oty A

14—}0;] om]—x% o2 HE HEE} 011:1 1_7&]-% ﬁgi }\}
23519t} 0] Petrakova S9| Qs H, / HS 8|7}t
0.91~0.97 Ajolo] 2k 71 T &, 2 REolA F)Klo]
Yotz Ao] uelhdo] golgjiri10-12]). B dAFLoA=
Petrakova 59| BHlZ vlfos Fo BHOA |of
32yl 3 22 A S nfsio] HA Ew| 7
&) / HiZ3 BY9] Fk) 32 AL Q=2 7IEe
2 0.972 FAfstL b2 Ystol 3AKTolerance)E +
7 28] ZHo| HV S Fjotstgion, 1SO - 18265 7
UL U A (22 BEstel 239 A ¢ L B
o2 SIS Table 3.9 AJ2Jstgict.

Table 3. Proposed Mechanical Value of Roller Surface

Mechanical Value Proposed Value

Hardness(HV) 730 £ 30
Hardness(HRC) 614 £ 15
Estimated 19268 + 82.1

Fatigue Limit(MPa)

2. Heat Treatment and Test

AgAe]= B850 ©A 5 A&, Szl ozH THO
BEE =0l YHo=, Q-T(Quenching-Tempering) A
2|5 gsto] B Uotr/dg 5714 ¥ opyet AH9]
Us44dE Ag & L =F she S84 U & siu=
AA2] 7o vls BH 7§AF Zlojg A & >
P2 712 Qo 18-20].

o=

U

)

$0 (L
rlr
n

O

756

700

L 2
g

686

600 » 613

® 550
500

400
0.1 0.2 0.3 0.4 0.5 0.6 07 0.8 0.9 1

Depth(mm)

Fig. 7. HV Values according to Depth
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B Lo A= Table 30] AAIGH AE3S A7)
2215 900°ColA 3908  E9F  7RaiEHGas
Carburizing)stal o]% Q-T A2]gen, Zlolo o& 7
T35 Fig. 70 YEUIRICE. Fig. 7.014 & 4 Ql%o] &
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V. Conclusions
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