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Dynamic Stiffness and Frequency Response Analysis for the Development
of Magnesium Oil Pans
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Abstract : The oil pan is an important factor for the noise behavior of the engine system. In this paper a new
Magnesium oil pan was designed and analyzed to replace the current Aluminium oil pan. Dynamic stiffness and sound
pressure level of the newly designed Mg oil pan were compared with the Al oil pan using the finite element method.
NVH characteristics of the Mg oil pan is slightly insufficient when we changed the material of the oil pan from Al to
Mg without modifying the design. Some design modifications of the Mg oil pan resulted in equal or superior
characteristics compared to the Al oil pan. New ribs were added to stiffen the structure of the Mg oil pan. Thickness of
thin plate area was increased to reduce the radiated noise. Through the changes of shape, higher dynamic stiffness than
the current Al oil pan were achieved. Results of frequency response analysis show that we can reduce the sound
pressure level of the oil pan if we increase the thickness of the thin plate area. It is shown that the new Mg oil pan could
reduce the weight of the engine system and improve NVH quality of an automobile.
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Fig. 2 Shape and finite element model of oil pan lower
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Fig. 3 Shape and finite element model of oil pan upper



Mg to Al %
99.8%
99.8%
99.8%

T ORI R oF aﬂi%_@rw%uﬁmﬂa _moyr gwﬁ%
AR g2l T o~ o N o o & ool —~— uo yE w
- STEESNELEEY NEE
R ST ag® %ﬂquframx%ﬂ%fr% IR
B T m T ; ﬂoﬁamﬂ?wzoaﬂmmﬂﬂ U~ %o
= ﬂ%ﬁoﬁelﬁv 2 ﬂﬂﬁoiwm_OTﬂAWLa:TMM oTWﬂcﬂu_Mm
D 2 -5 TR 7 =
s Twzgw I - ST R B s BB
2 NHwmp : Rrx Ll i Pa_mE NG
, fg o d ER T R R T R
5 OERANTE . T T ITERT IR _Tmoi®ES
= ~N b5 Nen ol 25 0 0% Sy 2~
T ol = G (A o ﬂemv]% 0 = T N B XD
® T %ME@NW ! ﬁmﬁwwoo.%ﬂﬂbﬂrﬁwﬁxﬂa«W%wEM?
p fpdgmw S 2R EPElaT?i o&Tieddly
=] = = — i1 - = T
A R Bt z TUH LTy pERT PN e
_ W.&Pﬂ Hio _ a. . ﬂLMaLobovl]LoﬁﬁJlmﬂ = e
K- olwl & o < - T oy S o < o xR <9 8T TF
EL Hfl = 0 W o < 5 g2 g ¥Mhagw# ﬂ%icmwﬂwjﬂ
7 - oo o e = 2l gawEe oy oS ERT T
T 5 YRy 5 o BHEIT nasHES K25
RO a of w BT oy o e oof ® o N T oo ® R FﬂLLmﬂct%
A M T Koo W i HUETE TN WEBTTFT R P F oL
l
&
o T 7 T POy FRFTEFETEYT U AP
2 = P FXRLRWET PP THEN T HgO
~ 7 2 W gty smpdHehngd  dag
L 5 @ M g Thoxe 20 @ o &d o< g
e E oo N I i AT I Sl B B oS RO e T e
o T o= Eﬁi%izrmﬂ%m\mbxdr.owim_mmﬁwﬂﬁﬁ%
p P cn LR EFETAITENSIEESEERX
o e T A\~ 9 pd o o o) I @ o = .
3 5 e S __o_m a;wrmu.ryuammwwﬂﬁ%%%%%%mﬂ%ﬁ
: ELS T HamBsFEERTEaE T T @ gy
s e GIifsttroseatigRifiis
[ et ! = SO | D I T R o 0 .
s 7 OF mp op B B B Mo oy W 2 By P R0 g B oo d
3 ¥ HokuzRuTogd FEESATN LIS S
PP g aRleRed g wTETE iy v E a2
v o S Z o ed M prrd sy licag®as ™l
g 5 ER 2 o HE NE = of N i = g T2 B o
E B ool o B RN T Do 2 N g S B &
mov&% m.*ﬂ_%o_a%a.ﬂ%?auimﬂxﬁoﬂAbtﬂr%Alpc
S +E X PP TN T UT LT Tt frsrg £
T NG QAT EgRLr IR E ey ® oo s
2 o ThHTAED T EERTFT B T WM

Table 1 Material properties of oil pan parts
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(a) 1st mode (b) 2nd mode

(c) 3rd mode
Fig. 6 Mode shapes of oil pan fixed to engine
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Table 3 Natural frequencies in case only oil pan upper fixed

fo engine
Al Mg Mg to Al (%)
1st mode(Hz) 1237.6 1209.4 97.7%
2nd mode(Hz) 1392.5 1359.3 97.6%
3rd mode(Hz) 1663.0 1622.0 97.5%
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(b) 2nd mode

(c) 3rd mode
Fig. 7 Mode shapes of only oil pan upper fixed to engine
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Table 4 Natural frequencies in case oil pan upper is free

Al Mg Shape
1st mode(Hz) 198 193 Twisting
602 587 Bending
2ndmode(tiz) | 0y | (564,569) | (Longitudinal)
3rd mode(Hz) 770 750 Bending(lateral)

3% The numbers in the bracket is test results of HMC.

(a) 1-st mode

(c) 3-rd mode
Fig. 8 Mode shapes of oil pan upper on free-free condition
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Table 5 Natural frequencies of oil pan upper(free-tree)

Al | Mg | Mgy | Mg» |% to Mg| % to Al
Istmode(Hz) | 198 | 193 | 200 | 198 |2.6% 1 | 0.0%
2nd mode(Hz)| 602 | 587 | 636 | 640 | 9.0% 1 |63% 1
3rd mode(Hz) | 770 | 750 | 772 | 767 {23% 1 | 0.4% ]
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