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Abstract

Under the background of New Engineering Education, students need to possess interdisciplinary
integration competencies and comprehensive practical literacies. The Mechanical Design course
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reconstructs its teaching system with the concept of “Case-driven and System-integrated” approach,
taking “Lubrication condition criterion of sliding bearings” as an example. It systematically analyzes
the core differences in film thickness ratio formulas across different editions of mechanical design
textbook, and discusses the corresponding relationships between various film thickness ratios and
lubrication state changes through case studies. On this basis, surface roughness is introduced into
the Stribeck curve to analyze the applicability of different film thickness ratio formulas within dif-
ferent surface roughness ranges. This teaching case integrates multidisciplinary knowledge sys-
tems including mechanical design, tribology, precision engineering, and material processing, con-
structs a progressive learning pathway of “Theoretical analysis, Case deduction, Interdisciplinary
expansion” and effectively supports students in conducting self-directed inquiry-based learning.
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T SRR AT ZR G 0. CULBRBCTE (G 6 W) CHULBETH(BE 9 W)Y o (LB (38 10 fil))
g 7 AR RS LI Y RS I 2 SR i, BRI R [3]-[5].
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h_.
23 — min 1/2 (3)
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Ae Ny, —— PR BHDRE R R 1 55D AFRIAR JZBE, s

Ru~ Ry —— PRI HECT %, pm:

Ry~ Ry, — WRIESRCE TR E (LN FEARTEIWE R, « R, 9 1.20~1.25 f5), pm.

AR TR IR AE AR, BEINNZ A <1, 2, <1 2, <1WF, NI A EEERGE TR
& HA=1~5. 1<4, <3, 1< A <30, NREFEREIE)IRS: H4>5. 4,>3. 4 >30, Atk
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TEIEF R AR SHORAE, (WU (5 10 B 4t 7 FC RS EOT 590 22 R, SRR R MRS,
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Table 1. Machining methods and surface roughness profile arithmetic mean deviation (Ra)
F# 1 MIFERREEEERBEHTEIRE R

M RS B, RS, Bl BRUDKER BB GRS, OB BRI T
Ak,
Ra/lum 3.2 1.6 0.8 0.4 0.2 0.1 0.05 0.025 0.012

Table 2. Surface roughness (um)
3 2. REKEE (um)

15 20 T HEL RS R LA RURERE
Rat, Raz Rat + Rez (R, +R% ) (Ry+Rea)”
16,32 48 447 245
08,16 2.4 2.24 173
02,04 06 056 087
005,0.1 015 0.14 0.43

T BN RAL N TRS RN, Aty b LR IRORLRE JSE 20 T30 L 4 280, 0T 2 0 e R R - 220 i 22
R, REERSIIRME R, MERG RIMMREE WL 2 s .

Hi7e 2 ATUAE Hh, PR IDRLRE FEAR (]I, 2305 2 T REDRE FZ oy T AN R BT B A SRR 8 SOAN IR, BB A
ZEROR, TSI I T DR R R 1, DR AT T AN T PRI 2 90 L IS0 5% 53 Y PR B 2 XA Wi
THIRES .

2.2. Stribeck BRZHIBTEBRE
e 1 Bras i) Stribeck #HZk, BEFE TG BN EARFE B (nUp) 38K, BERE RBUI NG 18R, TER
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Figure 1. Stribeck curve
1. Stribeck ph%%

Stribeck H1Zk H 7c A W IEMOIRAS 70 N = ANk, B /e 302 30 Sl X, ARSI+, [
A Ak v s A PR R R BRI s rPIRD S VR S TR DX, 3 e vk 6 ) AR R W g SRR R, 22 A
TR AR AT R VAT I DX, R ) R T 58 B O U ARG T, o 8 5 B R T R TR RS 2

P 1 f Stribeck i 23 1 BE 7 R BORACREAS [ I RS 55 B AR VERCEEAT 1 ORIR, (HIRCA TR B
5 R TR B B2 (A 520

R RIS NONARTS RIHHTRE X Stribeck BHZRAIFZIMA, XA FIRIAGR H AR IR 1ES 45
FANBR R R M T SR T AT B A . SRR - SRR, Sy e, RIEEATIO0
AbERFEHIRERE R, =0.04 um o I8 B, RITHIEERE Ra 700y 1.88. 0.44. 0.21. 0.12 pm. 7351
B4 BN FIWIA6 TR B (8 - B RE R R BB R B0 AR Ak, 193 Stribeck fhZk &l 2 Fios[7].
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Figure 2. Stribeck curves under different surface roughness conditions from literature [7]
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Figure 3. Film thickness curves under different load and speed conditions
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3.2. BELLSEBRESEEN

Hy [ 52 #47 100,000 N, 24%E 3843 %1 >4 500 r/min. 200 r/min A 50 r/min I, 8045 21 5z /)N i e 5 B 43
4 35.90 pm. 18.00 um A1 5.69 pmo

HY 4 ZH AR STURN Sk B TR 2 1.6 um~3.2 pm. 0.8 pm~1.6 um. 0.2 um~0.4 pm & 0.05 pm~0.1 pm,
3 BNAFI R L 2 R BT L8 R a5k 3~5 P

ATDAE AN LA ST S8 FAR 250K, B2 E RS B A o e 500 r/imin B, &/
TR E N 35.90 pm,  =MIRJE EE A SUFE DU 2H 3 HHDRE 2 1 1H A5 200 25 SR 38 R A I T bR it . %
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A 200 r/min B, SRR BN 18.00 um, PIREHHREE AR, =1.6um . R, =32umif, FIHAH(2)
FI(3) TS T A3 45 S i 2 AT T b, M AR TS AT A4S AN L o 5634 50 r/min i, &b
TR N 5.69 um, PIRTEAHKEE MR, =0.8um . R, =1.6 um I}, FIIFHAZ(B) 5T 145 5 i
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Table 3. Rotational speed of 500 r/min, minimum film thickness of 35.90 pm

= 3. #E A 500 r/min, H/MEE A 35.90 um

T RTEHKEY Ray, Re 1.6 um 0.8 um 0.2 um 0.05 um
B E L 3.2um 1.6 um 0.4 um 0.1 um
hmin
A= o— 7.48 14.96 59.83 239.33
Ral + RaZ
_ hmin
- 12 8.03 16.03 64.12 256.43
(RL+R2)
hmin
A= 12 7.35 20.75 41.26 83.49
(Ry+Ry)
Table 4. Rotational speed of 200 r/min, minimum film thickness of 18.00 pum
= 4. 35K 200 r/min, H/MEEZ 18.00 pm
- RIEHIKEE Ra, Ra 1.6 um 0.8 um 0.2 um 0.05 um
TEE L 3.2um 1.6 um 0.4 um 0.1um
hmin
A=o—— 3.75 7.50 30.00 120.00
Ral + Raz
/12 _ hmin
- 12 4.03 8.04 32.14 128.57
(RL+R%)
— hmin
=" 7.35 10.40 20.69 41.86
(Ra+ Rez)
Table 5. Rotational speed of 50 r/min, minimum film thickness of 5.69 pm
2 5. $5iE A 50 r/min, FR/MEE A 5.69 um
o RTHIBE Ray, Re 1.6 um 0.8 um 0.2um 0.05 um
JisEJE L 3.2um 1.6 um 0.4 um 0.1um
/ll _ hmin
= rl R, 1.19 2.37 9.48 37.93
12 _ hmin
- 1/2 1.27 2.54 10.16 40.62
(RL+R2)
hmin
="y 2.32 3.29 6.54 13.23
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3.3. Stribeck #h%k 5iABRSEL

# B 100,000 N, %34 H A 50 r/min. 100 r/min. 200 r/min. 300 r/min. 400 r/min. 500 r/min, #H
N7 IR ik AR B 22 6 T o

Table 6. Bearing characteristic numbers under different rotational speeds

= 6. TRIFRR T VAR

#E3% r/min AR nUID
50 7.53 x 107°
100 1.51x10°8
200 3.01x10°8
300 452 %1078
400 6.03 x 1078
500 7.53 x 1078

¥ 32 6 i AR S S ) 1 Stribeck M ZRAHXTHR, R I 4L E S 50 r/min B, BTN R VIR
BNRATEN, FHARELE T R AE .

#47 100,000 N %38 50 r/min RS LTS EE RANE 5 From, MR, B ECHTRS EE 23008 1.6 pm.
3.2 um B, =AMBEE LA R EAF 25 R IR G TEIIRAS s 1 SR, Bl FORDRS 2 23 10 0.8 pm
1.6 um B, A3 (B) T LS B L, mARQ)MQ) T E LS R R AR B T T SRy
PEES P 2 1) Stribeck HIZEREAT LEXT, RIS HSN. Fh FLRLREFE 23 38 0.8 umy 1.6 pm B, AL TV
HIEERE.
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