BCC Model Transfer Function Expressions

Model M1: expression of the transfer function

Kp=-zn* (-C2*C1l*p"4*L3*C3*L4*C4-
C2*C1l*p"3*L3*C3*R4*C4-C2*C1l*p"2*L3*C3-
C2*C1*R3*p"3*C3*L4*C4-C2*C1*R3*p"2*C3*R4*C4-
C2*CL*R3*p*C3-C2*C1*p 2*L4*C4-C2*C1*R4*p*C4-
C2*C1l+C3*C4*pt4*L2*C2*L1*Cl1+C3*C4*p"3*L2*C2*R1*C1+C
3*CA*p"2*L2*C2+C3*CA*R2*p"3*C2*L1*C1+C3*C4*R2*p"2*C
2*R1*CL+C3*C4*R2*p*C2+C3*C4*p 2*L1*C1+C3*C4*R1*p*C1
+C3*C4) *RdA3*p/ ((C2*p 4*L3*C3*LA*C4A4+C2*p " 3*L3*C3*R4*
C4+C2*R3*p"3*C3*L4*C4+C2*R3*p"2*C3*R4*C4+C4*R3*p*C3
+CA*R2*p*C2+CA*p"2*L1*C1+CA4*p"2*L3*C3+C4*p"2*L2*C2+
CA4*R1*p*Cl+C3*p"2*L4*C4+C3*R2*p*C2+C3*p"2*L1*C1+C3*
RA*p*C4+C3*p"2*L2*C2+C3*R1*p*CL+C2*p"2*L1*C1+C2*R1*
Pp*Cl+C1*R3*p*C3+C1l*p"2*LA4*C4+C1*R2*p*C2+C1*p"2*L3*C
3+C1*R4A*p*CA+CL*p"2*L2*C2+C1+C24+C3+C2*p"2*L3*C3+C2*
P 2*L4*C4+C2*R3*p*C3+C2*R4*p*C4+C4+zn*p*Cl*Cd+zn*p”
3*C1*C4*L3*C3+zn*p 2*C1*C4*R3*C3+zn*p 3*CL*C4*L2*C2
+zn*pt2*C1l*C4*R2*C2+zn*p*C3*C2+zn*p"3*C3*C2*L1*Cl+z
Nn*pt2*C3*C2*R1*Cl+zn*p"3*C3*C2*L4*C4+zn*p"2*C3*C2*R
4*C44+zn*p*C3*C4+zn*p"3*C3*C4*L2*C24+zn*p"2*C3*C4*R2*
C2+zn*p"3*C3*C4*L1*Cl+zn*p"2*C3*C4*R1*Cl+zn*p*C2*C1
+zn*p " 3*C2*C1*L3*C3+zn*p"2*C2*C1L*R3*C3+zn*p"3*C2*C1
*LA*C4+zn*p 2*C2*C1*R4*CA+C4*p"4*L2*C2*L1*C1+C4*p"3
*L2*C2*R1*CL+C4*R2*p"3*C2*L1*C1+C4*R2*p"2*C2*R1*C1l+
CA4*p 4*L3*C3*L2*C2+C4*p"3*L3*C3*R2*C2+C4*R3*p"3*C3*
L2*C2+C4*R3*p"2*C3*R2*C2+C4*p"4*L1*C1*L3*C3+C4*p"3*
L1*C1*R3*C3+C4*R1*p"3*C1*L3*C3+C4*R1*p"2*C1*R3*C3+C
3*pN4*L2*C2*L1*C1l+C3*p"3*L2*C2*R1*CL+C3*R2*p"3*C2*L
1*C1+C3*R2*p 2*C2*R1*C1+C3*p 4*L1*C1*L4*C4+C3*p 3*L
1*C1*R4*C4+C3*R1*p 3*C1*L4*C4+C3*R1*p 2*C1*R4*C4+C3
*PANAXL2*C2*L4A*CA+C3*p 3*L2*C2*R4*C4+C3*R2*p"3*C2*L4
*C4+C3*R2*p"2*C2*R4A*C4+C2*p"4*L1*C1*L4*C4+C2*p"3*L1
*CLl*R4*CA4+C2*R1*p"3*C1*LA4*C4+C2*R1*p"2*C1*R4*C4+C2*
P 4*L1*C1l*L3*C3+C2*p " 3*L1*C1*R3*C3+C2*R1*p"3*CL*L3*
C3+C2*R1*p"2*C1*R3*C3+C1*p"4*L3*C3*L4*C4+C1*p"3*L3*



C3*RA*C4A+C1*R3*p 3*C3*LA*CA+C1*R3*p 2*C3*RA*C4+CL*p
A4*T,3*C3*¥L2*C2+Cl*p 3*L3*C3*R2*C2+C1*R3*pr3*C3*L2*C
2+C1*R3*p 2*C3*R2*C2+Cl*p 4*L2*C2*L4*C4+CLl*p 3*L2*C
2*RA*CA+C1*R2*p 3*C2*LA*C4A+C1l*R2*p 2*C2*R4A*C4+zn*p”
5%C1*C4*L3*C3*L2*C2+zn*p 4*CLl*C4*L3*C3*R2*C2+zn*p4
*C1*C4*R3*C3*L2*C2+zn*p 3*C1*C4*R3*C3*R2*C2+zn*p”5*
C3*C2*L1*C1l*LA*CA+zn*p 4*C3*C2*L1*C1*R4A*CA+zn*p 4*C
3*C2*R1*C1*L4*C4+zn*p 3*C3*C2*R1*C1*R4*C4+zn*p 5*C3
*CA*L,2*C2*L1*Cl+zn*p 4*C3*C4*L2*C2*R1*Cl+zn*p 4*C3+*
C4*R2*C2*L1*Cl+zn*p 3*C3*C4*R2*C2*R1*Cl+zn*pr5*C2*C
1*L3*C3*LA*CA+zn*p 4*C2*C1*L3*C3*RA*CA+zn*p 4*C2*C1
*R3*C3*LA*CA+zn*pr3*C2*C1*R3*C3*RA*CA+CA*pr6*¥L2*C2*
L1*C1*L3*C3+C4*p 5*L2*C2*L1*C1*R3*C3+C4*p 5*L2*C2*R
1*C1*L3*C3+C4*p 4*L2*C2*R1*C1*R3*C3+C4*R2*p"5*C2*L1
*C1*L3*C3+CA*R2*pr4*C2*L1*C1*R3*C3+C4*R2*p 4*C2*R1*
C1*L3*C3+C4*R2*p 3*C2*R1*C1*R3*C3+C3*p 6*L2*C2*L1*C
1*LA4*C4+C3*p 5*L2*C2*L1*C1*R4A*C4+C3*p 5*L2*C2*R1*C1
*LA4*CA+C3*pr4*L2*C2*R1*C1*RA*C4A+C3*R2*p 5*C2*L1*C1*
LA*CA+C3*R2*p 4*C2*L1*C1*RA*CA+C3*R2*p 4*C2*R1*CL*L
4*CA4+C3*R2*p" 3*C2*R1*CL*RA*C4A+C2*p 6*L1*C1*L3*C3*14
*CA4+C2*p 5*L1*C1*L3*C3*R4*C4+C2*R1*pr5*C1*L3*C3*L4*
C4+C2*R1*p 4*C1*L3*C3*RA*C4+C2*p 5*L1*C1*R3*C3*L4*C
44+C2*pr4*L1*C1*R3*C3*RA*C4+C2*R1*p 4*C1*R3*C3*L4A*C4
+C2*R1*p"3*C1*R3*C3*RA*CA+CL*p 6*L3*C3*L2*C2*LA*C4+
C1*p 5*L3*C3*L2*C2*R4*C4+C1*p 5*L3*C3*R2*C2*L4*C4+C
1*p 4*L3*C3*R2*C2*RA*C4+CL*R3*p 5*C3*L2*C2*L4*C4+C1
*R3*pr4*C3*L2*C2*RA*CA+CL*R3*p 4*C3*R2*¥C2*LA*C4+CL*
R3*p"3*C3*R2*C2*R4*C4) * (RA1+RA2+Rd3) ) ;

where p=jw

Model N2: expression of the transfer function

Kp=p* (RL*p*C1*C2+p"2*L1*C1*C2+C2+R2*p*CL*C2+p2*L2*
C1*C24C1l) * (R3*p*C3*CA+p"2*L3*C3*C4+CA+RA*p*C3*Cd+p”
2*L4*C3*C4+C3) *zn*Rd3/ ( (R3*p"5*C3*L4*C4A*L2*C1*C2+p”
4*1,3*%C3*L2*C1*C2+R3*p"3*C3*R4A*CA*R1*C1*C2+R1*p"3*C1
¥R2*C2*R3*C3*CA+R1*pr4*CL*R2*C2*L3*C3*C4+R1*p 3*C1*
R2*C2*RA*C3*CA+R1*p r4*C1*R2*¥C2*LA*C3*CA+R1*p 4*CL*L



2*C2*R3*C3*C4A+p 5*L3*C3*L4A*C4*R2*C1*C2+R3*p*C3*Cl+p
AQHFT,3*C3*C2+p"2*L3*C3*C1+R4A*p*C4*C2+R4*p*C4*Cl+pn2*
L4*CA*C2+p"2*L4*C4*C1+R1*p"5*C1*L2*C2*L3*C3*C4+R1*p
NFCL*L2*C2*RA*C3*C4+pt4*L4*C4*L1*C1*C2+p"4*L1*C1*R
2*C2*R4*C3*C4+p 5*L1*C1*R2*C2*L4*C3*C4+p 5*L1*C1*R2
*C2*L3*C3*C4+R1*p"5*CL*L2*C2*L4*C3*C4+p"4*L1*C1*R2*
C2*R3*C3*C4+p 5*L1*C1*L2*C2*R4*C3*C4+p 5*L1*C1*L2*C
2*R3*C3*C4+4p"6*L1*CL1*L2*C2*L3*C3*C4+Cl+zn*p"3*C2*L3
*C3*C4+pt6*L3*C3*L4A*C4*L1*C1*C2+zn*p4*R1I*C1L*C2*L3*
C3*C4+zn*p"3*R1I*CL1*C2*R4*C3*C4+p"6*L1*C1*L2*C2*L4*C
3*Ca4+zn*p”"3*RI*CL*C2*R3*C3*C4+zn*p"5*L1*C1*C2*L3*C3
*C4+zn*pt4*L1*C1*C2*R4*C3*C4+zn*p 4*R1*C1*C2*L4*C3*
Cd+zn*p"4*L1*C1*C2*R3*C3*C4+C3+C4+zn*p " 5*L1*C1*C2*L
4*C3*C4+zn*p"3*R2*C1*C2*R3*C3*C4+C2+zn*p"4*R2*C1*C2
*L3*C3*C4+zn*p"3*R2*C1*C2*R4*C3*Cl+zn*p"5*L2*C1*C2*
L4*C3*C4+zn*p 5*L2*C1*C2*L3*C3*C4+zn*p 4*L2*C1*C2*R
4*C3*C4+zn*pt4*R2*C1*C2*L4A*C3*Cl+zn*p"4*L2*C1*C2*R3
*C3*C4+R2*p*C2*C4+R2*p*C2*C3+p 2*L2*C2*C4+p"2*L1*C1
*C24p"5*L3*C3*RA*C4*L2*C1*C2+zn*p"2*C2*R3*C3*C4+R1*
P*CLl*C3+p"2*L1*C1*C4+p"2*L1*C1*C3+p"3*LA*C4*R1*C1*C
24R4A*PN3*CA*L2*C1*C2+R4A*p"2*C4A*R2*C1L*C2+R4*p"3*C4*L
1*CL*C2+R2*p"2*C2*R4*C3*CA+R2*p"3*C2*L4*C3*C4+p"3*L
2*C2*R3*C3*C4A4+p"4*L2*C2*L3*C3*CA4+p"3*L2*C2*R4*C3*C4
+pMAFL2*C2*LA*C3*C4+zn*p " 2*R1I*C1L*C2*C4+zn*p " 2*R1*C1
*C2*C3+zn*p " 3*L1*C1*C2*C4+zn*p " 3*L1*C1*C2*C3+zn*p"2
*C2*R4*C3*C4+zn*p"3*C2*L4*C3*C4+zn*p"2*R2*C1*C2*C4+
ZN* Pl 2* ¥R2*CL*C2*C3+zn*p " 3*L2*C1*C2*C4+zn*p 3*L2*C1*
C2*C3+zn*p"2*C1*R3*C3*C4+zn*p"3*C1*L3*C3*Cl+zn*p"2*
C1l*R4*C3*C4+zn*p"3*C1l*L4*C3*C4+R3*p"2*C3*R4*C4*C2+R
3*p"2*C3*R4*C4*C1+R3*p"3*C3*L4*C4A*C2+R3*p"3*C3*L4*C
4*%C1+R3*p"2*C3*R1*C1*C2+R3*p"3*C3*L1*C1L*C2+R3*p"2*C
3*R2*CL*C2+R3*p"3*C3*L2*C1*C24+p"3*L3*C3*R4*C4*C2+p"
3*L3*C3*R4*C4*Cl+p"4*L3*C3*L4*C4*C2+p"4*L3*C3*L4*C4
*C14p~3*L3*C3*R1*¥CL*C24p 4*L3*C3*L1*C1*C24p~3*L3*C3
*R2*CL*C2+R4*p"2*C4A*RI*CL*C2+R1*p"3*C1*L3*C3*C4+R1*
P"2*C1*R4*C3*C4+R1*p"3*C1*L4*C3*CA4+p"3*L1*C1L*R2*C2*
C4+p"3*L1*C1*R2*C2*C3+p"4*L1*C1*L2*C2*C4+p"4*L1*C1l~*
L2*C2*C3+p 3*L1*C1*R3*C3*C4+p"4*L1*C1*L3*C3*C4+p~3*
L1*C1*R4*C3*C4+p"4*L1*C1*L4*C3*C4+R2*p 2*C2*R3*C3*C
A44+R2*p"3*C2*L3*C3*C4+R1*p " 2*C1*R2*C2*C4+p"3*L4*C4*R



2*¥C1*C2+zn*p*C1l*C4+zn*p*CL*C3+R3*p*C3*C2+R3I*pr4*C3*
LA*C4*R2*CL*C2+4p~4*L3*C3*RA*CA*R1*CL*C2+p~4*LA*C4A*L
2*¥C1*C2+R3*p A*C3*RAXCA*L1*CL*C24p 2*LA*C3*C4+p~2*L
3*C3*C4+R2*p*C1*C2+R1*p*CL*C2+p 2*L2*C1*C2+R3*p 5*C
3*LA*CA*L1*C1*C2+R3*p 4*C3*RA*CA*L2*CL*C2+p 5*L3*C3
*R4*C4*L1*CL*C2+p 4*L3*C3*RA*CA*R2*CL*C2+R3*p 3*C3*
RA*C4*R2*CL*C24p 5*L3*C3*LA*CA*R1I*CL*C24+R3*pr4*C3*L
4*CA*R1*CL*C24R3*p*C3*CA+RA*p*C3*CA+R1*p*CL*CA+p 2+
L2*C2*C3+zn*p*C2*CA+zn*p*C2*C3+p~6*L3*C3*LA*CA*L2*C
1*C2+R1*p"2*C1*R3*C3*CA+R1*p 3*CL*L2*C2*C3+R1*p”3*C
1*L2*C2*C4+R1*p”2*C1*R2*C2*C3) * (RA1+Rd2+Rd3) ) ;

where p=jw



