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Abstract —Modern high-performance automotive turbochargers (TCs) implement ceramic hybrid angular contact
ball bearings in series with squeeze film dampers (SFDs) to enhance transient responses, thereby reducing the overall
emission levels. The current study predicts the rotordynamic responses of the commercial automotive TCs (compressor
wheel diameter =~53 mm, turbine wheel diameter =~43 mm, and shaft diameter at the bearing locations =~7 mm) sup-
ported on ball bearings and SFDs for various design parameters of SFDs, including radial clearance, axial length, lubricant
viscosity, and rotor imbalance conditions (i.e., amplitudes and phase angles) while increasing rotor speed up to 150 krpm.
This study validates the predictive rotor finite element model against measurements of mass, polar and transverse moments
of inertia, and free-free mode natural frequencies and mode shapes. A nonlinear rotordynamic model integrates nonlinear
force coefficients of SFDs to calculate the transient responses of the TC rotor-bearing system. The predicted results show
that SFD radial clearances, as well as phase angles of rotor imbalances, have the paramount effect on the dynamic
responses of TC shaft motions.
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Fig. 1 Schematic view of TC ball bearing system. CW:
Compressor wheel. TW: Turbine wheel.
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Fig. 2. Schematic view of ball bearing and SFD in series.
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Fig. 3. Finite element rotor-bearing structural model of
ball bearing supported turbocharger.
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Table 1. Cases 1 through 10: SFD radial clearance, length, imbalance amplitude and phase, and oil temperature

Cases Radial Length of SFD  Imbalance amplitude Imbalance 0W-30 Oil
clearance (pum) CW/TW (mm) (g-mm) phase temperature (°C)
Casel
(Baseline) 60 45/35 0.2 In phase 60
Case2 40 45/35 0.2 In phase 60
Case3 80 45735 0.2 In phase 60
Case4 60 225/ 1.75 0.2 In phase 60
Case5 60 6.75 / 525 0.2 In phase 60
Case6 60 45735 0.1 In phase 60
Case7 60 45 /35 0.3 In phase 60
Case8 60 45 /35 0.2 Out of phase 60
Case9 60 45 /35 0.2 In phase 30
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(maximum integration time) 0.03 us®} 0.5 s= A7 3} 012 508 mm
At} wa HAAFRE =ues myologw 3Hy s | | OO ¢=40um S
ATt amRr, AAHE F =l g 3t o1 L = =60 ym
= gellA] A7 7HH 2] 4= (number of time steps: N) 2 = o= 8hum ,
= 8388608(:273)i AAsc AEEY Fua E 0.08 | When c =40 pm, normalization: ] 0\056 —
> 0.032/0.056 = 0.571 :
(sampling frequency' SF)y= /\)\] (6)9’]' 7]'0 }‘] ZJ'Z:} 3 When ¢ = 80 ym, normalization: !
£ 006 | 0.096/0.056 = 1.714
o Slpolth, +4 (N2 HE, A4 Fohe 24 e 1A
(minimum frequency step size: Af )& 3.974 HzZ A% S 004 | 1
Ao} A A E7)Z=u AR Hu) W) ke E II .................
F5G Zolth. 2t 2elMe A Wel g lE R 800 -
d (baseline model)ol| A1) AFE 7]1Z20 2 HF3t 00 |lemeesig =

(normalization) d}e] B]wE T},

1

SF=n (©)
SF
= Q)

o
ol

4 2zt o E9f

4-1. SFDZI=32| &k Case 1, Case 2, Case
Fig. 4(a)%} Fig. 4(by= ﬁ]@#gcﬂ w2 J%— 1 &
I 4571 & SFD 9IR|olA 3HS 54 ¥ele =7]

£ HojFET}. Case 29F Case 3& ‘ﬂ}ﬁ ek =S
Z 24 (Case 1) Y] 20 um (F 33%) 74 2 =
Al?ﬂﬁ} o714, FHh Xli«l 2717t LPEM% e

E‘r‘ Case 29} Case 39] Ff 1= 1_%‘0] 60 pm?l
Case 12 7|F2o=2 Aytsld = vlwE). 7h=5o] of

Tribol. Lubr,, 34(1) 2018

0.12

01

Shaft motion amplitude [mm,0-pk]

0.08 -

0.06 -

0.04

0.02

10 30 50 70 920 110 130

Rotor speed [krpm]

(a) Synchronous responses at compressor end

..... c =40 ym
w—C = 60 um
- =c =80 um

When ¢ = 40 um, normalization:
0.008/0.021 = 0.381

When ¢ = 80 um, normalization:
0.038/0.021 = 1.810

0.021 mm

0.008 mm /

/

10 30 50 70 920 110 130

Rotor speed [krpm]

(b) Synchronous responses at CW-side SFD

Fig. 4. Case 1, Case 2, and Case 3: Dynamic response
amplitudes versus rotor speed. ¢ = SFD radial clearance.
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