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Abstract: The mechanical limited slip differential (LSD) in vehicles is being replaced by the electromagnetic LSD
because of its fast response and better active control characteristics. The coil housing made of STS 304 is one of the
most important parts in the solenoid assembly of the electromagnetic LSD. High geometrical accuracy is a prerequisite
for the manufacture of such coil housings, but precision machining is difficult because of the use of STS 304 thin plate
and the variance in machining variables. The aim of this study is to optimize the mean and variance of the shape
accuracy in the coil housing by finding a robust solution for the machining process conditions. The mean and standard
deviation of the jaw contact pressure, cutting speed, and feed rate are considered to be the major parameters for
minimizing the geometrical mean and variance. The response surface model based on the second-order Taylor series is
combined together to minimize the mean and variance of the shape accuracy of the coil housing.
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Fig. 2 Distribution of displacement in the
housings with 3 and 6 jaws.
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Table 1 Result of structural analysis Table 2 Machining variables and levels
Chucking | poine Loads Dis lﬁggnem Machining . Level | Level | Level
Jaw Type (N) p(mm) Symbol | 7 obles | Unit | /O | > 3

100 \
3 Face | (Concentrated 7.61x10° . Inner| 9 10 11
load) P Chucking |} /.2
Three Jaw pressure &
100 4 Outer| 9 10 11
3 Face (Distributed 3.76x10°
loads)
100 Cutti Inner| 201 251 302
uttin; .
6 Face | (Concentrated 4.05%x10™ S speedg m/min
Six 1 load) Outer| 118 | 148 | 177
ix Jaw
100 s
6 Face (Dilsggi(?sl;ted 6.84x10° Inner| 0.056 | 0.070 | 0.084

F Feed rate |mm/rev

Outer| 0.040 | 0.050 | 0.060

Table 3 Orthogonal array L9(33)

el x5 A A3E Fig. 27 Table 1¢]

el 3220 fHFslso] FE3FS uw H Experimental Machining variable level

3 Y steRA 6222 W TEHA W No. P S .
7} AAasien, Eystsol 89S u : | | |
Abgt A3E YERAh o] d3E Fole] 622

o] HHx7lo] 3x9.0 Hla] ZAdo] -ste] 7t 2 1 2 2
T A A HEE HAs T FoE JgF5HAS 3 1 3 3
w, It 7hEH AA A 6x29 ¢kHd . 5 : 5
HE 21E a8ete o] 985 E HAaslsie

o fFEsitte AS fFFaLsd s S5t & 3 2 2 3
T AUATH 6 2 3 1

23 At H | A ’ > : ’

B Ao A= 6%9 tholo]Z¥ X (Fig. 3)& 8 3 2 1
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7}&3k9l o™ Fig. 40 YERH vhel o] Zbz) w
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Fig. 3 Diaphragm-chuck of coil housing

B1 (SUS 304)

s

B2 (SPHC) B1 + B2 (Welding)|

Fig. 4 Coil housing of the solenoid assembly
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Subject to constraints H, —l—ag <0, j=12,....m Table 4 Inner and outer cylindricity
J J
where x, +Ar <o < x,— Ax Machining variable level Cylindricity
No. (£m)
P S F Inner Outer
A7, 1& HEAETT AF, mS AR 1 1 1 1 12.62 | 20.24
NEeS sk, 2, 2, 2,5 22 AAWES9) 2 1 2 2 11.58 | 19.68
AARge] g ddike dehdd g, 0 S : T e
vi 4 2 1 2 1330 | 18.30
Uy%% Z}—Z]— %Zjif:]-—’,\— yl(x)g ﬁé"&ﬂ' E%% ‘]'% 5 2 2 3 16.71 21.38
e, b o, = A2 AR g(2)9 F 6 2 3 ! 12.57 | 1721
o L 7 3 1 3 16.84 | 22.12
T3 ZTEHAAE 9 n| s} 8 3 2 1 13.80 | 19.37
9 3 3 2 14.98 | 20.99
43 24+ H e HMIHoll ofet EEHA ZALSL
4% 3 AdEAe] Fedxe g2 59 wdo oy gon uegwyde] I
AES A Fuds AFd] ek AL & UEE 24452 yd 2 94 955 2
== =] Al &FH O EF 5 B |
Pesty) el deE wotel TRt WSEMER o) 24zt 1(100%)7 0.9998(99.98%)F LhER T
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cH7ER RYdERl 7 e £+ o}.(n
HAE 7 5 AT B g AL te] &
232 LGHrfox HluT XHE o) T nersm — 31-719+9. — Y. - .
, dukA o 12 1712 o] &3k A Chumermn = 37.7949.71P—0.04185—1717.5F 7
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