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ARTICLE INFO ABSTRACT

Article history:

A cam is a mechanical element that converts rotational or reciprocating input into

Rec?ived 31 July 2025 complex follower motion, including nonlinear and intermittent profiles. In
Revised = 26 August 2025 high-speed, high-precision systems, poor cam design can cause dynamic issues
Accepted 26  August 2025 . : ] . . .
such as vibration, noise, and heat, leading to cam-follower separation, motion
disruption, and scuffing. Scuffing results from lubricant film breakdown under
K?y words: extreme load or poor lubrication, causing direct surface contact, rapid temperature
Disk Cafn rise, and local damage such as scratching or welding. Using the flash temperature
Translatlng roller follower method, we investigated how cam profile design parameters—including cam
Scuffing risk rotating speed, percent sliding, oil supply temperature, surface roughness, and
Flash temperature thermal contact coefficient—influence scuffing probability in a disk cam with a
Contact temperature translating roller follower (TRF). The findings confirm that the scuffing risk for
a TRF disk cam can be reduced when the running speed, percent sliding, oil sump
temperature, and surface roughness are decreased and when the thermal contact
coefficient is high.
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Fig. 1 Flowchart for evaluating scuffing risk
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Fig. 3 1-DOF lumped parameter model

of} F54 ST (m, ;) e AT F5H A2H
HE 7840 Ao RA #H Hi(lever ratio) 4 ¥ 3D
CAD Z2 30| nulals E5) £A4 Akzs) & 4 91, 724
(e UAEEHZ] S o] &3to] AAT 4
B k(1 k=1/k + 1/k.p)e F

o the BE 2L Folel AR 4 Uk A3 £, & E5A
4 (follower jump)'> 1 @< FJ5I5t7] 913 BhEA] Tefstor

st o @(preload) LFERATY,
2.3 HESE

Zoll ARBA, 2EHH(p), 2T A] @)E B Hol 7
HE22(F,)S 0|8510] Hertz 4252 Thg3} Zro] 1213
3 % ok

0. = CVE )

4714 C,= AGMA B4%4(AGMA elastic coefficient)"”
o3, K & B4 31588 A|9(corrected load-stress factor)l'>')

= thewt 2t

* KDE’V
= % (6)
Rb
oltf Kp+ st E AREES 2B AL, be A T
S U, R E S8 £5437% 7 A2HolM9] SrtaEu
(equivalent radius of curvature)22 th23} 7t}
(1, 1\t
P ) ”

322

9] AlolA] TRF 8 @Ako] ZEUA(p)e v 28 A
2 olgsto] thewt ol AR & 4 ek,
RY) 213/2
[(v e) +h } _Rr (8)

P= v=—e)lv—e)—hla—h)

§
o
40
gk
H1

I-r|

= Mg, W 49 28 e el o

HRE =9 3% 4 9]

=

"‘l = L_
Mt}. o] 2 AGMA 925-A03C10)| A AAJH= &7+
oS 2t

gk °c:>]EH = 7\‘1"—1——

e ZAA Al

20 1

o
L

l

fn | V|

0, = K,
™ Tou Bug Ve + Bagg/ Var

~
=]
~

I K= leAEA HEEY
o} 082 A8t T, 1, S E‘ﬁé—tﬂ% e

[l
i)

ot

r

=
=)
2
2,
P

ofl
of
.

g

0|16 <& (sliding velocity), By

N

G &A 4 (thermal contact coefficient)

2M A=A 4(heat conductivity) \,,, BE(density) p,,, Hl

% (specific heat) ¢, 2 &5t} AAY 4 Yt 74 HLELS T
= 2.

- 1.13

oy, = 0.06(71-13_ Rovsr ) (10)
Ky Fy

fo=Epf=—" (1

8f R

= - 12

b= Lot ()

Vy = [(m—R,)—vsina |w (13)

Vi = (BR, —v sina)w (14)

Ve=Vo — Vi = [m—(lJrﬂ)Rr}u) (15)



Journal of the Korean Society of Manufacturing Technology Engineers 34:5 (2025) 320~329

M= \/ AarParCar (16)

L

R

R

7

2t 7

ojwf A (10)2} R,
roughness)0| 1, & (12)0lA £, A
A(E)g Fobg Hl(v)E 2T S7HEEIAIS (reduced
elastic modulus)2A] the3t Ztt,

2 7](average arithmetic
B S549] B

N I Sk 2R S 7 B )

E. = ( 7 7 =27C, a7
T A (13)~150°1M 71" m 4 S+ o3 2tk

m= LR = Vh +(v—e)? (18)
B=0-0)p,=(1-0) *R (19)

o71M o &= FEHESZ0I(, ) tiH] nlny
2 Aoy = vnEE(l, /1, , % sliding)o]a, [, =

710](perimeter)& TFS3} Zro] AR 4 9tk

HEAoI(I,)o] vl
e =

m m 2 m m 2
lt:E\/( Tiv1— Iq) +( Yi+r1 y1> (20)
3.2 A7 EE

A9 B3 &0 )7 AAE, 7 ASEHAIMY A

Z 2= (contact temperature, 6 ;) ¥ T}

=2 Zol 24% + 3t

;Slé"%E(HB, max )JE-' E]-

Op =010y (2]

HB,max =0+ 9/‘l,max (22)

o}7]A

001 = Kgumpfoin T 0-560 5 1ax (23)

oW &y, = HIEA(splash) #8 W= 1.0, FA(spray
type) £:8 vl 1291 3¢ A3IoL, 0,5 2ol BAZ %

42 oo 2%, 0 .t HUE7R2E(maximum  flash
temperature)©] T},

YA 02 HHHFLE(0 5, o )7F F2E(0,)E
AAH 277 meolgta Ak glort, AGMA 925-A03L

Ht A7

01__-—~

323

oMMNE HNHE2E0 5 na)E FEHF(2)E St 4
Nlp,, 02)E 1gsto} 277 S5 A& 7S %

0 2 279 B8 6(2)2 30% Z7}, 10~30%, 10% njttos
TSk o] & 7|E0 R 2713 P E(scuffing risk)E A(high),
%(moderate) Hlow)2 F7Hsla Qi) ojn] ERAFEE 5

W 25 Tt 2ok
o o o GBA,maxies
T, 0.150, @4

o714 AFEE B
scuffing temperature, 6, )=
viscosity, v4)E L& so]
A 338-(anti-scuff mineral oil)ol] T3l T3t Zro] AR5t
e

Hat ol SNGdte H 271 2% (mean

78 249 40C T4 % (kinematic

0 2748

48t 33-8(mineral oil) ¥

0, =63+ 33lnyy, 25)
0, =118+ 33lnv,, (26)
4. 1 &

41 Y&34

TRF €HHE9] 271 A= HEE o] & =RollA aet
54 25 EH’EZ HOMEE Table 13 23, 78S At
81495}7] $1gk Wi Table 29 2tk 74 24 n5at A2
e YIS 1340)0104 54 2% wolY A%
o F AAR AMEEE AISI 52100 18tA A2 g3 F794L
A &3k

Fig. 4% Tables 1, 29] M= 4 F/FA Lol wiet dAT
TRF U9 3240 =45°)9] dloln], 37 FrAIA W3k
(CCW), 9 2549 YA(position)= 719 ZFAHTH 9=

Table 1 Follower motion

Segment | Cam angle interval | Rise(+) or Fall(-) | Type of motion
1 0° ~ 50° +25.4(mm) Mod. Sine
2 50° ~ 90° 0 Dwell
3 90° ~ 140° -25.4(mm) Cycloid
4 140° ~ 180° 0 Dwell
5 180° ~ 230° +25.4(mm) 3-4-5 poly
6 230° ~ 270° 0 Dwell
7 270° ~ 320° -25.4(mm) 4-5-6-7 poly
8 320° ~ 360° 0 Dwell
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Table 2 Cam design and analysis parameters

Materials Disk cam AISI 1340
Roller follower AISI 52100

Base circle radius (/7)) 76.2 mm
Roller follower radius (/) 25.4 mm
Eccentricity (e) 0.0 mm
Orientation of cam rotation CCW
Follower position Upward
Follower effective mass (1 7f) 12915 kg
Damping ratio () 0.1
Spring constant (k) 35.02 N/mm
Thickness (b) 10.0 mm
Correction factor (&) 1.3
AGMA elastic coefficient (C)) 187.5 MPa®’
Preload (F] o) 7598 N
Camshaft rotating speed (w) 450 rpm
Average arithmetic roughness (/2,,,,,) 0.4 /m
Oil inlet or sump temperature (6,;) 40 C
% sliding (o) 9 %

Ym

Fig. 4 TRF disk cam profile at=45°
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Table 3 Thermal contact coefficients

o . Values
Description Unit
cam roller
Material AISI | AISI | AISI | AISI
) 1020 | 1340 | 4340 | 52100
Thermal

conductivity, A, | VK| S1O 445 466

Specific heat, c,,

J/g'K 0.486 | 0472 | 0475 | —

Density, 0, glem’ 787 | — | 785 | 781

Thermal contact

.03,
coefficient, B, N/mm-s™-K |14.089|13.885(12.881 | 13.148
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