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[Source: Viscosity_Thermal_Iteration; NASA Repors; BYD Technical Parsl
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MAPEK - IREN LU RSt AR AR

MABLES: BEhIR (PHEV) ¥E4EBERMNAE

O nYaE S (ERER 5 BRI

(Frequent Start/Stop) (Cold Start/Short Trips) * (Instant Load Switching)
HBEEfEGMiEE, DM-i REDHLIRTE EV/HEV RN ERERERETREE (<80°C) IR, WRBARENS RDHE
BxlPFETR, SBRFMEER TET, W7 KRRES ST AR RSB RNRNDERE.
“0 ig!m - 2F" MBS ARK, ERNR (LUEREMEBRETIRE 2.5 8) .
B,

Water Condensation Electric Motor

Torque A=A
e o [T —— =
O 00 -8 3
Emulsification Risk’ B o .
[:-—-—: 1 InstaShntTc;(rque
— OC
Wat e
e Combustion Engine

Torque

| Hybiid Fappfaiy Gaer et

[Source: BYD launched PHEV enginz oil report, User Manual]

El1 BT (PHEV) SHEREBARRE ST
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MREAREN : BNFE5EIFSHRA

Precision Engineering Journal

hRIAFENX: RANFEEHFSHRA

Input Parameters INPUT PARAMETERS (Green Cells)
£ (Parameter) WHE/EN MENETE D [mm] [Value]

RETE BB -10°C (i) F110°C AR L [mm] el
(Temperature) (A1) Y42 i8)F4 C [mm) [Value]
##SEE (Speed) Bﬁggmﬁ}(ﬁﬁ) 4000 rpm 55 N [rpm] [Value]
- A W[N] [Value]

. . BAEIEHI OW 20 (HB{HHs
lﬁa‘%ﬂ'ﬁ (Lubrlcanl‘.) E] ﬁ.}mﬁg Tin [oc] [Value]
HAKE (Bearing) | fEHAAk approximat (L/D = 1) 6k v40, v100 [cSt] [Value]

'Source: Viscosity_Thermal_lteration; BYD User Manual; Excel Calculator]

E2 RANFEEzHFSEEA
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IR | - ASTM D341 #himiR BtsEtl

IBitiZir 1: ASTM D341 #5:23= FiERY

HREH /AR R
BRI R
SRR TPEXR
Fo log(log(v + 0.7))

=383 V40 70
vicomrszs = A-Blog(T)
DA SR

::.:i:':.J:r s ™ i b
LT 0000 DN

Log-Log Kinematic Viscosity

v = iIEEh¥EE (cSt) |
T = @3LEE (K) =y R R e = b LA

Log Temperature (T, K)

[Source: ASTM D341 Standard; Viscosity_Thermal_ltera

&3 ASTM D341 5B = FiEEY
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VA O || - B A TS RRHAUTUE (Ocvirk)

Precision Engineering Journal

IRtz 1. BEHFIESEMEGEMEE (Ocvirk)

3
0 (h SP) =6U-%
ox

0z ,u'E?z

£xf L/D <1 pyshihiaA, RBERERESD
1BE (oP/ox) LAEIHLITEE,

h (BRE)

p (ThHIEE)
P GHRREA)
U (MR fE)

tSource1 Precision Engineering Handbook; 'u'iscnsit';_Thermél_ltemtian. pdﬂ )
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=

Precision Engineering Journal

ZOER |1 BIERKRIE (o) BIf9E

Q: WFAEE & §Iii?}'d:'cfEF D HEIERZ
,f*Rﬁmﬂ#h;

uQLD R
e 41 ( ) C: H42iaRa
//ﬁ . +1z|8

p: T 4EE [Pa-s] W SR E
= o (High Sommerfeld) — B&/@# — WHEP (e-0) — KL (Safe)
i€ o (Low Sommerfeld) — {KF/EH — WHIME (> 1) — N (Risk)

[Source: San Andres Notes; Viscosity_Thermal_lteration.pdf]
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Precision Engineering Journal

ZOBEE 1 ROE () SRIVEIRER (hyin)

Key Formulas and Logic

1. 0 = & 81T Ocvirk fEATRREY

BEREREROLE,
2. hpin =C(1 —¢)
My 1—¢g2
4e

3. tangp =

[Source: Viscosity_Thermal_lteration.pdf]
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PFEE N - ME-RE-DFRNMEEITE

RRTIZSHE: ME-RE-ERDENATEER

* (Guess Temp) [,

WM &% S8R - Heat Balance Equation:

[Tiew — Tepg] < 0:5°C

=2k
Trew = Tin + 0.5*AT

HHELSE p
(ASTM D341)

Qgen = Qd:‘ssipated +5 CpQﬂOWA'T

\ ‘Qggn & S
@t AT

[Source: Viscosity_Thermal_lteration.pdf; Precision Engineering Handbook]
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TFRWAE | - JRREE vs REFAFEE

Precision Engineering Journal

ROISHA: DM-i 110°C (RIRTR FORIERR
g=== =

- IR: SiRKE + BithiRe
(HEV Mode)

- S#:E (Oil Temp): 110°C

« $53% (Speed): 3000 rpm

- #75 (Load): 20kN

G — i -—-,,. TN REERE
' v = 5.6 cSt

Viscosity (v) [¢St]

—

| ] |
1 —— —t——t T —
40 50 60 70 80 90 100 110 120
Temperature (T) [°C]

£R. BnSBHEESETE, BEFRKFY (o) R,
MRREENRE,

'Source: Mobil Product Data logic; Viscosity Calculation]

B8 TI2RAE I: HIRERE vs REEHEE
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Precision Engineering Journal

AEHURSESIE:. RAREMHE

Thermal Iteration Convergence

CFEIE 1| PVESHhAKEEE

mEREERRIHFE (Power
Loss):
Qgen = [Calculated Value] W

T_final (Stable)

110 -
o
& 105
=
e
2 100
5
P_.

95

- Guess Temp (90°C)
90
1 i 3 4 S5

Iteration Number (1-5)

|Source: Viscosity_Thermal_Ieration. pdf]

B9 TI2IIUE IT: PVESHIRREEES
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TAESE 111 : BP0 B SR B R

Precision Engineering Journal

ReHEEFIE: REL (N) E

= hmin
VRE + R

Rai, Rez: HHENSHELEY
REERERE

Case Result: A > 3 @ 3000 rpm (Safe)

[Source: Precision Engineering Handbook; Viscosity_Thermal_Iteration.pdf]

E10 TH2IUE III: ATERESHMERGE
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YERU R IFEE © OW-20 vs 5W-30

|
|
| Pracision Engineering Joumal
|
|

iﬁmﬁ Stribeck H‘%SI;RE‘III

0.25 LR

0.20

0.15

0.10 . OW-20 BB TR S A
-. %, LAKSTZ2MERE
R REE T,

Coefficient of Friction

0.05

0.00 r
0.01 0.1 1 10 100 1000 10000

Hersey Number (ny») |
[Source: Continuous Stribeck Curve Measure - NANOVEA] |

E11 & B A ZFNTEE: OW-20 vs 5W-30
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Precision Engineering Journal

RFETRE: ESENRHERNAT R R

SRS (Start/Stop)

RPM 4

1 NN T

4

RPM — 0 implies hyi, — 0 w

WniEht (Micro-Contact)

1

RN IS e " i | A

HA<1IH, (AR, 6205 Al
TEENLE (MoS,) fENmiERIZk.

[Source: BYD Mobil News; NASA Report]
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Precision Engineering Journal

R4tk . ZHikE (MoS2) RImIFHIEMH!

« RNARRLEN (Hexagonal Structure) :
RETRENEEBENR, BUFrAREE
HNERE.

- RENFE:
* (weak van der ﬁﬁ?%lﬁlﬂ’\ﬂéiﬁiﬁﬁmﬁﬁ, &ﬁ%ki%

Wkl Erifvies / i8);@# (Basal Plane Shearing) o
Mg B®ED :

o $p7IE2Y (Deck of Cards Analogy) :
B HREY, BREMMEEIRE <0.02 B9k
BRERRE.

[Source: NASA Coating Research; Mahale et al.]
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Precision Engineering Journal

RAMRA N NASAIRETRFEIZSH

Coating Life vs. Thickness Surface Pretreatment
A
RERE FEAE (Cleaning)
«~ (Optimal Thickness)

v

iHP (Sandblasting)
— Mechanical Interlocking

Wear v
Through Debris/Creep ##{t (Phosphating)
\ - Adhesion

«—— Wear Life ——|

7.1 pm
|« Thickness >

70% BORES IR T EMFILRIE,

[Source: NASA Engineering Norms PRC-8001; Mahale et al.]
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Precision Engincering Jeurnal flﬂ E.l :{;

BESEN: HRE + BECRENRERE =
High Efficiency

W

RREmEEE (A >3)

REFE. BRITER OW-20 E15EHE + NASA 158 7.1um MoS2 338 = DM-i RENSHN SIS,

[Synthesized Strateqy for B Company DH-i Powertrain] in Steel 6Gray JetBrains Mono
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