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Optimal design of electromechanical brake actuator through

an integrated mechatronic approach
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(1. School of Automotive Engineering, Chongqing University, Chongqging 400044, China;2. State Key Laboratory of

Mechanical Transmission, Chongqing University, Chongqing 400044, China)

Abstract: A novel multi-objective optimal design method is proposed for gearhead and ball screw two-
stage driven electromechanical Brake actuator (EMB). With consideration of important factors, such
as two stage driving, discrete transmission ratio, dynamic resistant torque, transmission inertia and
feasibility constraints related to the component characteristics, this method can applied to determine
the optimal combination of motor, gearhead and ball screw. First, the loads and motion laws were
analyzed based on the dynamic models of EMB for emergency braking and anti-lock braking on dry
asphalt road. Then, all feasible motors and ball screws, which can drive the load and satisfy the

requirement for actuator size, feasible torque and speed of motor, characteristics of the planetary
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gears and ball-screw, were selected among the catalogues. Second, the planetary gears were designed

according to the combinations of feasible motors and ball-screws to minimize the size of the planetary

gear with the constraints of Hertzian pressure and bending fatigue strength, respectively, thus all

feasible combinations of motor, gar ratio and ball-screw were achieved. Finally, the multi-objective

optimal combination was obtained with respect to actuator weight, starting acceleration, air gap

closing time during braking, and motor output torque.

Key words: vehicle engineering; gearhead and ball screw driven; two-stage driving; dynamic load;

electromechanical brake actuator; multi-objective multi-constrained optimization
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Fig. 1 Layout of proposed EMB actuator
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Fig. 2 Flow charts of conventional and currently

proposed actuator selection procedure
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Table 1 Vehicle parameters
M/kg 1350 L/mm 2340
Ri,/mm 153.5 b/ mm 1180
R./mm 301 H,/mm 495

3.2 GAEMIBEHMEZFRAR

EMB $A7#% 19 1 25 ) iz 3h B [ i) L5 461 3
e B AL A B A O . A SRR X
20 B N T ABS WA T AT BhAT e
B SR S LA . SR Lee £ 1 09 LU K sk
JE A 80 fe K i im0 13z 3l 20 4 2l 1) B 9 B
SR I PRk 3 2 B bR A7 Y B ) B p 4 R
PEIR R 22 KT 48 B B9 B Bl ol JE R ME T AL . 45 5 R 4
SO BE K AT 0 B AR PR RS B IE 3 TR Y R
Sl B T80 (Y Bk s sh B A, I B ok 2R AR 4R
Vel A A S50, R4 SCBk (2 )45 2 181 4 Jr
7 I 5 R 25 6 T ABS 00T Y B2k A A s Bl
JSKE

h
=
S

f=]
—_—
W

-_'n
=]
I-J

~100F

R B (mmes )

REERE Eh N A /(mmes )

.

S

=3
s

b

R B LB /mm
o
BlEh 3% H1/(10°N)

B3 ZRHsHITRATREMSHAES N
Fig. 3 Load and motion law analysis for

emergency braking
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- J—'—A (W‘j E RMS(T)
]l

or = 0, E[]a ToptT  —

1 .. -
\/[%Fcl,RMS + m, IrMs /Jm IRMS o E F(‘l(t) -



% 4

B AL, 5 b F AU ] B AT B 6 R R T Bk it « 1005 -

O Y 2EAG Ak ofmr T . il A ML 45 R000% 2 i i ) A
UNUES NS R i R Ep IS SNV ER W i3t
FEAR )
4.5 ZBEWREY

TEXT EMB $hAT 5% 2547 f AL DE T i 75 22 . il
PAT 8 1 o de /0N LI/ NP4 3 A 5 S 3
TN J3E e A Aol 4 3l 14 I I ) e /0 o LR g kG
Ay o Xk 8l Bl e B 7 A ] £ Wz 3  [] F 8 R AL
SR S 7 R A /N o LA i i AR b e B
it RERE . ER Gl H LA H AR Z AW 2,
BB M2 B AR KRR LSBT AR 2R A T
RERY B ALAL . AN SCHL L R G i de /N o 1 224k
FIRR | il 5l 1] B2 30 83k 1 [0 W 22 L SHe et s o ik J32 A
LB 0 A ST 2 R eR B s (43) BT

m

(): wy

Arma t; Torms
+ u/‘z Max + w{ ag + wl m.
a agmin TmRMSmin

min

(43)
Kb woy WEZHBRRBEWNERN T, w =
wywe; 5wy NI E ARG AT 4 19 £ H AR gy H
Pk LMAERF (AL wi = 0.7, w, =
0.05,w;; = 0.15,wy = 0. 1) 5w, HHTFRHEL
g3 HAR7E 5 92 T TR 52 ) 9 % 1E A R, AR 3¢
YBA% 3 H b v B A o6 B2 2 T 1 BI85 e M
BN RGETR 5 e W KRIA NN 5 tigmin N
S5 L ) 20y 18] B 8 B B 1] 5 Tramtsmin A 5 /0N L HIL 55

5 VOEdiitas

5.1 &EERFHRLTNHE

FE 7= R ED vk SRR RS B TR
&l 5 Jir 7 B AT AT 30 PN %) VR B 22 T L AR 8 A 2
1o FIER A8 Bl A7 1 — 20 O e 2 IR VR BR 24T . )
FEWE B T A 2R 5 T4 R, X T SRR A R Y
RER AT PN FR B AR e/ 15 836 2 T 1)
TR IR AT,

R2 BEERFEHLZTHSH

Table 2 Parameters of candidate ball screw

F¥ 1 ds Cao C M Js
%l /mm /mm /kN /kN /kg /(107" mm)

1 2.5 25 9 29.5 0. 69 2.41
2 4 32 15 46.5 0. 85 6.48
3 5 32 18.1 52.4 0.85 6.48
4 6 32 20.2 53.5 0.85 6.48
5 8 32 26.4 64.8 0. 85 6.48
6 10 32 32 73 0. 94 6.48

5.2 #HiEBIHNRE

TSR AE T ROHE R e i R AL A AR
A2 (30) 1Y T A HL L s 44 d R il 3 e B ) Ll R A%
Bl B DL K B RN R A R R RR AR S B K
(29) i 6 £ 16 FLBIL 5 9K J5 AR 8 =X (34) 1 2 76 PAT
ar ROT BRI R i e KAT R A L3 . 45 617 2
V50 T 15 0 Y A e AT RN AR Y 4 A%
st i,=[2.8,3.15,3.55,4.,4.5,5,5.6,7. 1,8
GHFERHE S m=1.25) ;&5 UITEE W
2 AR L e R TR TR 22 4T 1) 3 R K B R AE S
BRGS0 (22) ~ 7)) B E B HLEY T AR
Bl DT 32— 25 2 Wl F 2% A2 1) T A 8 2 AL (AL
3,

R3 BEAEBHNSH

Table 3 Parameters of candidate motor

o Ty T wp M Jm
/(N +m)/(N+*m)(r+min ') /kg /(kge+m?)
J110LYX023 6.2 3 1550 3.83 1.1X10 3
J130LYX04D 13 4.5 295 2.55 3.5X10 3
J92LYX11 14 5 300 5.29 2.2X107*
JI30LYX06A 24 6 330 4,15 1.5X10 *?
JI10LYX06 18 9 250 3.6 2.1X10 2

5.3 HFiRTERBHZIT

EEAYS N P - I3 37 S- A RS
KAt BG4 AL e ok i A 75 200 2 =X (36)
(39) Fh A P fe 2 15 B0 (AR SC s 38 A1 8Eh 40 Cr,
WP b= 0. 41y, ) s SR LA K PHES /N B0 44 X
LBt i FEAT B e B R s i S A
T VR Bk 22 AT 5 A AH VT E 1 4% 3h R B 46 0 4
H5 S AR 2 (340 3 3R 19 4% 3 L i 1L B =X (39) T
B U B 0 B T R 1 — 2B E 5 e WL RN BR 22 4T
SREAH VG T B AT B 1A 46 S PR AL Bl b A KR P 48 U
B, BIAS 200 2 A% R T DR BC T R (LR )
5.4 SERETHERMEE

AT 4 Ry T AT DL E T A O VL R 4
JF i fe /N H AR 8 B DR T 7 %6 R - J110LY X06
HAL+ SR 4 IR ERFT 123 ol 3. 9 CR
RAGECHN 20 B9 T B, BT E R 5.1 kg; QUL
R G JA B I B R K H AR 0 S R DC B T R
JOZLYX11 ML+ FFEN 4 MIRKR LA +1E 3 b
Hg 4. 4348 CRBHEE W Bh 23) i AT B 15 %8 s O LAl
B[] B3 B3k BF 1] g 61 R A 1) e 6 G FE 7 8 0
JIT0LYX023 HAL+ 2R 2.5 IR R L FT + 1%
R 5. TCRFREE U 200 AT B 5% DL
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Table 4 Feasible selection results of EMB actuator

l WEC o a txag Tm.RMS
LS ig

/mm Zs

/kg /(mm e« s72) /s /(N+m)

J110LYX023 2.5 5.1 20 5.13  434.58 0.030 0.99

J110LYX023 2.5 5.7 20 5.22 387.48 0.032 0.86

J92LYX11 2.5 2.8125 32 6.58 7841.19 0.045 1.94
J92LYX11 2.5 3.12 25 6.46  7657.76 0.050 1.75
J92LYX11 4 4.4348 23 6.96 8366.81 0.045 1.97
J92LYX11 5 5.7 20 7.03 8205.25 0.046 1.92

JI30LYX06A 2.5 2.8125 32 5.44  225.86 0.052 1.17

JI30LYX06A 2.5 3.12 25 5.32  203.87 0.056 0.80

J130LYX06A 4 3.9 20 5.65 261.00 0.046 1.62
J130LYX06A 4 4.4348 23 5.82  229.37 0.051 1.21
J130LYX06A 4 5.1 20 5.80  199.53 0.057 0.72
J130LYX06A 5 5.1 20 5.80  249.41 0.048 1.48
J130LYX06A 5 5.7 20 5.89 223.10 0.052 1.12
J130LYX06A 6 5.7 20 5.89 267.73 0.045 1.70
J110LYX06 4 2.8125 32 5.24 193.67 0.049 2.52
J110LYX06 4 3.12 25 5.12  174.75 0.053 2.12
J110LYX06 5 3.1034 29  5.22  219.49 0.045 3.02
J110LYX06 4 3.5455 22 5.11  153.81 0.058 1.65
J110LYX06 5 3.52 25 5,18 193.60 0.049 2.51
J110LYXO06 4 3.9 20 5.10  139.85 0.062 1.28
J110LYXO06 5 4.0909 22 5.18 166.62 0.055 1.95
J110LYX06 6 3.913 23 5.19  209.01 0.047 2.82
J110LYX06 5 4.4348 23 5.27 153.66 0.058 1.64
J110LYX06 6 4.4348 23 5.27 184.39 0.051 2.33
J110LYX06 5 5.1 20 5.25 133.65 0.064 1.10
J110LYX06 6 5.1 20 5.25 160.38 0.056 1.80
J110LYX06 8 4.9565 23 5.37  219.92 0.045 3.03
J110LYX06 6 5.7 20 5.34 143.47 0.061 1.38
J110LYX06 8 5.7272 22 5.48 190.30 0.050 2.45

ABS T30 T iy Ha BIL 55 8% 7% S 1 e ok H
B B e A VT L 5 26 R J130LYX06 A HL AL + 5 F2
4 WIRERZZFF LB R 5. 1CR B IR BCh
20) AT BV e . B R OR A H AR T Y SR G DG i
ZERARAR U3, TR 2 HAR AL IS L 7 %,
FLVC FE T3 58 5 1 2y 1] B30 63k oF 1) 5 7 ) DG E 7 58
HMF . MR VCES T R R &R 5. 13
kg, 55/ N R G0 T AR ELAUE I T 0. 6% 5 s
BEN 434,58 mm + s T AN FAE J92LYXIL
FELBIL A% DG JE 5 52 5 ol 0 ) B 3K B B 18] 2R 0. 03 s, 2
Fo R B T 9 I B 1] 5 R WL 45 2800% S i D 0
70.99 N« m, 5 fe /N B HILAE 8008 S8 5 7 4R A
FEALIE N T 0,27 N« m3 iz 7 R T AT 25 25
G HERE M B R AL (WL 5) .

x5 AEBHTHRALELER

Table 5 Results of different optimization criteria

2R L3t

it B AR AL z

Ly
Jo i A /)N J110LYX06 4 3.9
Je Bl e R J92LYX11 4 4.4348
il 2y [B) B 995 53 e ] e J110LYX023 2.5 5.1
7 58 LSS R A A/ J130LYX06A 4 5.1
EASE N6 2N J110LYX023 2.5 5.1

:[_: N

6 én TE

(DT AT 45 1 3 ) 2 R A PR BE H A 2
H A B A 97 R AL R0 iz Bl M R DT C B B9 T
e,

(20K 25 iy iy i PR ke i P A i (67 BN
JEE A5 VR ER 22 FT 9 1 B 75 SR B RS BR ) 45 249 TR 2% AF
i 1o BT 3R O TR BR 22 AT AR A R ELAR B Al A7
S, WM R T A AR R A R Y P )

(3) AR AL iy K408 126 P14 6 7R R 22 4T 3
o E A R RCT R AT R R R L s L
MR P SE T LA AT L 2R AR E T A 1k
Pl

(4) LA 55 TR VR TR 22 AT F1 e AL 0 g A o DAOK BH 4%
ROSF B/ g F AR o LAk T 2 fik 56 52 11147 AR 257 5
BER LA ARG T REAE K B T B m 17 B A 4
f14 1 Bl AR B 48 2 i, 2R T 2 1T A A%
(ERD]UN G S

(S) M Hr T 45 VEBLT5 58 Y ZR 48 o Bt L 8 o i
JEE A 20 10 I o ) L e ML L RS TS
Al FAR N A s L PE B4 2, IR S8 T 2 Hbsiift .

SE WK

[1] Ahn] K, Jung K H, Kim D H, et al. Analysis of a
regenerative braking system for hybrid electric vehi-
cle using an electro-mechanical brake[]J]. Interna-
tional Journal of Automotive Technology, 2009, 10
(2):229-234.

[ 2 ] Line C. Modelling and control of an automotive elec-
tromechanical brake[ D]. Melbourne: The Universi-
ty of Melbourne, 2007.

[ 3] Schwarz R, Isermann R, Bohm J, et al. Clamping
force estimation for a brake-by-wire actuator[ C] //
SAE Paper,1999-01-0482.

[ 4] Kwak J, Yao B, Bajaj A. Analytical model develop-

ment and model reduction for electromechanical



% 4

B AL, 5 b F AU B AT B 6 R R T Bk it « 1007 -

brake system [C]// ASME Internetional Mechanical
Engineering Congress and Exposition, Anaheim,
United States, 2004.

[ 5] Lee C F, Manzie C. High-bandwidth clamp force
control for an electromechanical brake[ C] // SAE
Paper, 2012-01-1799.

[ 61 2w, ok, £ 4, 5. i T HLWCH 31 AT & B

ARG AR, AR TR, 2012,
42(1) :1-6.
Li Jing, Zhang Jian, Wang Meng-chun, et al. Elec-
tromechanical brake actuator modeling and actuator
control algorithm [ J]. Journal of Jilin University
(Engineering and Technology Edition), 2012, 42
(1):1-6.

[ 7 ] Hilzinger J, Schumann F, Blosch G, et al. Electro-
mechanical wheel brake device[ P]. United States
Patent: US 6806602 B2,2014-10-19.

[ 8 ] Schwarz R. Electromechanically actuated disc brake
[P]. United States Patent: US 6315092 B1. 2001.

[ 9 ] Osterday C A, Fiste M M, Hill G ]J. Electrically ac-
tuated disc brake assembly[ PJ]. United States Pa-
tent: US 6315092 B1,2001-11-13.

[10] Wang N, Kaganov A, Code S, et al. Actuating
mechanism and brake assembly[ P]. PBR Australia
Pty: WO 2005/124180 Al, 2005-12-29.

(111 A3, BRADR 4w T HUMH 3h S B Pl R e o

FELD]. KA 7 MR TR B - 2009.
Yang Kun. Research of electromechanical brake and
vehicle stability control system for light vehicle[ D].
Changchun: College of Automotive Engineering, Ji-
lin University, 2009.

[12] ®—Th. W F UM 20 R ST I B9 591 &

[D]. b5t 35 R UM L2 B . 2010.
Zhao Yi-bo. Research and development of electro-
mechanical brake system actuator[ D]. Beijing: Col-
lege of Mechanical Engineering, Tsinghua Universi-
ty, 2010.

[13] Pasch K A, Seering W P. On the drive systems for
high-performance machines[ J]. Trans ASME, 1984,
106:102-108.

[14] Cusimano G. A procedure for a suitable selection of
laws of motion and electric drive systems under iner-
tial loads[J]. Mech Mach Theory, 2003, 38: 519-

[15] Cusimano G. Generalization of a method for the se-
lection of drive systems and transmissions under dy-
namic loads[J]. Mechanism and Machine Theory,
2005,40(5): 530-558.

[16] Giberti H, Cinquemani S, Legnani G. Effects of
transmission mechanical characteristics on the choice
of a motor-reducer[ J]. Mechatronics,2010,20:604-
610.

[17] Roos F, Johansson H, Wikander J. Optimal selec-
tion of motor and gearhead in mechatronic applica-
tion[J]. Mechatronics,2006,16:63-72.

[18] Kim M S, Chung S C. Integrated design methodolo-
gy of a ball-screw driven servomechanisms with dis-
crete controllers. Part I: modelling and performance
analysis[ J]. Mechatronics,2006,16:491-502.

[19] Kim M S, Chung S C. Integrated design methodolo-
gy of a ball-screw driven servomechanisms with dis-
crete controllers. Part II: formulation and synthesis
of the integrated design[J]. Mechatronics,2006,16;
503-512.

[20] Caracciolo R, Richiedei. D. Optimal design of ball-
screw driven servomechanisms through an integrated
mechatronic approach[ J]. Mechatronics, 2014, 24 ;
819-832.

[21] Dumitru D, Strajescu E, Tache C. Theoretical con-
siderations concerning the determination of value for
the critical speed of the ball-screws from numerical

axes structure[ J |. RECENT, 2009, 10 (27): 255-

258.

[22] BRIRN. 17 2 G A s i (M. db st . fb = Tl i
R At ,2003.

(23] R F. MLA I M. db 50 HLAR Tk AR
2002.

[24] mEut 252 4 il A BR 2 | 7™ i 2 [DB/OL .
[2017-07-26]. http: / www. njyigong. cn/products.

asp? parentid=1



