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Academia.edu use cookies to personalize content, customize ads, and improve the user experience. By using our site, you consent to the collection of our information through the use of cookies. To learn more, see the Privacy Policy.x Academia.edu use cookies to personalize content, customize ads, and improve the user experience. By using our site, you consent to the collection of our information through the use of cookies. To learn more, see the Privacy Policy.x Introduction TO REVIEWING QUESTION 1. Guided missiles, automatic gain control in radio receivers,
satellite tracking antenna 2. Yes - power gain, remote control, parameter conversion; No - Cost, complexity 3. Motor, low pass filter, inertia supported between two 4 bearings. The closed loop system compensates for interference by measuring responses, comparing them with input responses (output desired), and then improving output responses. 5. With the condition that the feedback element other than unity 6. Edating signal 7. Multiple subsystems can share controllers with time. Any adjustments to the controller can be implemented only with software changes. 8.
Stability, temporary response, and stable status error 9. State-stabilized, while 10. This follows a growing temporary response until a stable state response is no longer visible. The system will self-destroy, achieve a state of balance due to saturation in the driving of the amplifier, or hit the stop limit. 11. Natural response 12. Specify the performance of the system's interim response. 13. Specify system parameters to meet temporary response specifications for the system. 14. True 15. Transfer function, country space, differential equation 16. Transfer function - Laplace
transformation of State-space differential equation - representation of nth sequence differential equation as first sequence differential equation n concurrent differential equation - System modeling with differential equation SOLUTION TO PROBLEM 1. Five rounds yields 50 v. Therefore K = 50 volts 5 x 2mtrad = 1.59 Academia.edu use cookies to personalize content, customize ads, and improve the user experience. By using our site, you consent to the collection of our information through the use of cookies. To learn more, see our Privacy Policy.x Home &gt; Engineering
ebook &gt; Free download Control System Engineering by Norman S.Nise Solution Manual 6th edition Hope that you all I'm fine too. Today in this post | will share a solution manual from Control System Engineering by Norman S.Nise. If you have a solution guide on your hands, then you can learn more correctly. Hope that this solution will help you in your course of study. So let's download this book. Size: Download Link 14MB: Free download Control System Engineering by Norman S.Nise Solution Manual 6th edition Title: Free download Control System Engineering by
Norman S.Nise Solution Manual 6th edition Posted by : Himadri Date : 21:17:00 Labels : Engineering ebook 1. E1SM 11/11/2010 9:29:8 Page 1 Solution for Skill Assessment Exercises CHAPTER 2 2.1 Laplace t Transformation is 1 s2 using Table 2.1, Item 3. Using Table 2.2, Item 4, F- 1/4 1 si 58 b2 . 2.2 Expanding F(s) with partial fractional results: Fs N 1/4 AsiBsi2iCsi38b2iDsi 38 You where, A 1/4 10 s i 28 you include 33 P2 S!10 1/459B 1/410ssi35 P2 SI A2 1/4 A5 C 1/4 10 s si 28 You S! A3 1/4 10 3; and D 1/4 s i 38 b2 dF, you ds! A3 1/4 40 9 Take
inversion Laplace change the result, f t3 You 1/4 5 9 A 5eA2t i 10 3 teA3t i 40 9 eA3t 2.3 Take the Laplace transformation of the differential equation assuming zero initial condition result: s3 C, i.e. 3s2 C, i.e. 7sC, including 5C, including 1/4 s2 R, i.e. 4sR, i.e. 4sR, including 3R, You Collect terms, s3i3s2i7si5AOnC-1/4s2i4si3 AAtR. Thus, C- You R- 1/4s2i4si3s3i3s2i7si5 1 2. EISM 11/11/2010 9:29:8 Page 2 2.4 G- 1/4 C, You R. 1/4 2s i1 s2 i 6s i 2 Cross multiply results, d2 c dt2 i 6 dc dti2c 1/4 2 drdtir 2.C. You 1/4 R. s 1/4 1 s2 A's i 48 You're ie 83 You
1/41si4d You'reie 83 You1l/4AsiBsil4dYouiCsi8dYouwhere A1/41si48Yousi8dYouS!01/4132B1/41si85YouS!A41/4A116;andC 1/415si48 YouS!A81/4132Thus, c- 1/41 32 A 116 eAdti1 32 eA8t 2.6 Mesh Analysis Altering network results, +V(s) 11(s) 12(s) V1(s) V2(s) 19(s) + 1 s s _ _ Now, write a mesh equation, s i 18 PI1, you A sl2, you A 13, you 1/4 V, You Asl1, ie 2s i 18 bI2, you A 13, you 1/4 0 Al1, you A 12, ie 28 bI3, you 1/4 0 Solve mesh equations for 12(s), 12's You 1/4 s i 18 You V. A1 As 0 A1 A1 0 s i 28 you include 18 You As
A1 As2si18 YouA1 A1 A1 A1si28Youl/4s2i2siAOnV,yous2i5si23 You 2 Solutions for Skill Assessment Exercises 3. EISM 11/11/2010 9:29:8 Page 3 But, VL, you 1/4 sI2, Therefore, VL, you 1/4 s2i2si1 AOnV, you s2i5si 23 you or VL, YOU V, you 1/4 s2 i 2si1s2i2 i 5s i 2 Nodal Analysis Writing nodal equation, 1 s i 2 V1, you A VL, you 1/4 V, your AV1, ie 2si1 VL, you 1/4 1 s V- Solving for VL 1/41si2V,youA11sV, Youlsi2 A1 A12si11/4s2i2si1AOnV,yous2i5si28youorVL,youV. 1/4s2i2si1s2i5si2 2.7 Inverting G- 1/4 A 72,
You Z1, you 1/4 A10000 105 =s 1/4 As Noninverting G- 1/4 Z1, ie Z. 1/2 S Z1, you 1/4 105 s i 105! 105 s! 1/4 s i 1 2.8 Writing motion equations, s2 i 3si1 A On X1, you A 3s i 18 bX2, You 1/4 F, You A 3s i 18 bX1, ie s2 i 4si 1 A On X2, You 1/4 0 Chapter 2 Solutions for Skill Assessment Exercises 3 4. E1ISM 11/11/2010 9:29:9 Page 4 Solving for X2(s), X2 s8 You 1/4s2i3si1 AOnF- YouA3si18 You0s2i3si1AOnA3sil1d YouA3si3si3sildYous2i4si1AOn1/43sil1dPFss3i7s2i5sild YouHence, X2, YouF. 1/43si18 Youss3i7s2i5si18 You 2.9
Writing the equations of motion, s2imi1 A Onul, you Asi 18 bu2, You 1/4 T, you A s i 18 bul, namely 2s i 28 bu2 , You 1/4 0 where ul is the angular displacement of the inertia. Solve for u2, u2 sd You 1/4s2imi1AOnT-YouAsi18 You0s2iiAOnAsi1d YouAsildYou2si2dYou1/4sildYOU 2s3i3s2i2silFromwhere, after simplification, u2 s That's 1/4 1 2s2 i m i 1 2.10 Turn the tissue into one without gears by reflecting the spring 4 N-m/rad to the left and multiplying with (25/50)2 , we get, Writing motion equations, s2 i s A On ul, You A sua, you 1/4
T, you Asul, ie 18 You 1/4 0 where your ul is the displacement angle of the inertia of 1 kg. Solve for ua, ua, you 1/4 s2is AOn T-As0s2is AOn As As si 18 You 1/4 sT s8 You s3 i s2 i s 4 Solutions for Skill Assessment Exercises 5. E1SM 11/11/2010 9:29:9 Page 5 From where, ua, You T, 1/4 1 s2 i mi 1 But, u2, you 1/4 1 2 ua, you: Thus, u2, you T. 1/4 1 =2 s2 i i 1 2.11 First find mechanical constants. Jm 1/4 Well i JL15A 142 1/4 114001400 1/42Dm 1/4DaiDL15A 142 1/45i 800 1 400 1/4 7 Now find an electrical constant. From the torque speed equation,
set the vm 1/4 0 to find stall torque and set tm 1/4 0 to find speed without load. Therefore, Tstall 1/4 200 vnoAload 1/4 25 yang, Kt Ra 1/4 Tstall Ea 1/4 200 100 1/4 2 Kb 1/4 Ea vnoAload 1/4 100 25 1/4 4 Substituting all values into a motor transfer about you Ea, You 1/4 KT RaJm si 1 Jm Dm i KTKb Ra 1/4 1 s i 15 2 where about you is armature angle displacement. Now uL, you're 1/4 1 20 on you. So, uL, you Ea, you 1/4 1 =20 s si 152 2.12 Let ul, you 1/4 v1, you = u2, you 1/4 v2, You = s Chapter 2 Solutions for Skill Assessment Exercises 5 6. ELSM 11/11/2010 9:29:9
Page 6 in Eqs. 2127, we get J1s i D1 i K sv1sd You AK sv2sd You 1/4 T, You AK s vl b p J2s p D2 p K s v2 s8 b From this equation we can draw both series and analog parallels by considering these to be mesh or nodal equations, respectively. — + J1 J1 J2 J2 D1 D1 D2 D2 T(t) T(t) wi(t) wi(t) w2(t) w2(t) 1 1 K 1 Series 1 Analog Parallel K 2.13 Write nodal equations, C dv dt p ir A2 1/4 i td b But, C 1/4 1 v 1/4 vo p dv ir 1/4 evr 1/4 ev 1/4 evopdv Substituting this relationship into differential equations, d vo b dvd b dt b evopdv A 2 1/4 i t§ b81P We now linearize ev.
Common forms are fvd b A f vod b % df dv vo dv Substituting function, f vd b 1/4 ev , with result v 1/4 vo p dv, evopdv A evo % dev dv vo dv 6 Solution for Skill Assessment Exercise 7. E1ISM 11/11/2010 9:29:10 Page 7 Solution for evopdv , evopdv 1/4 evo p dev dv dv dv 1/4 evo p evo dv Substituting to Eq. (1) ddv dt p evo p evo dv A 2 1/4 i td b 32b Setting i td b 1/4 0 and let the circuit achieve a stable state, capacitors act like open circuits. Thus, vo 1/4 vr with ir 1/4 2. But, ir 1/4 evr or vr 1/4 Inir. Therefore, vo 1/4 in 2 1/4 0:693. Substitution of this vo value to Eq. (2)
produces ddv dt b 2dv 1/4 i td b Takes Laplace transformation, s p 28 bdv sd b 1/4 | s& b Solving for transfer function, we get dv sd P 1 sd b 1/4 1 sp 2 or V s b 1 s3 b 1/4 1 sp 2 about balance: CHAPTER 3 3.1 Identify the corresponding variables on the circuit results - + - + C1iL iC2 i iC iR C2 R L vo(t)v1(t) Write derivative relationships C1 dvC1 dt 1/4 iC1 L diL dt 1/4 vL C2 dvC2 dt 1/4 iC2 81b Chapter 3 Solutions for Skill Assessment Exercises 7 8. ELSM 11/11/2010 9:29:10 Am Page 8 Using Kirchhoff's current laws and voltage, iC1 1/4iL p iR 1/4iLp 1RVLAVC23 b
VL 1/4 AvC1 p viiC2 1/4 iR 1/4 1 R vL A vC2 § P Substituting this relationship to Egs. (1) and simplify generating state equations as dvC1 dt 1/4 A1 RC1vC1p1 CLiLA1RCL1VC2p1RCLvidiLdt1/4A1LvClp 1L vidvC2dt1/4 A1RC2vC1l A 1 RC2vC2 1 RC2 vi where the output equation is vo 1/4 vC2 Placing the equation in vector-matrix form, _x 1/4A1RC11C1A1RC1A1L00A1RC20A1RC226666666377777775xp1RC11L1RC22666666664377777775vitdpPy1/40011/2Sx 3.2 Write equations of movements2 psp 1 A A
X1s8PA1/4FsdbAsX1s8bps2psplAAX2s8PAX3sdb 1/40AX2s8b bs2psplAAX3sd b 1/40 Taking inverse Laplace transforming and simplifying, €x1 1/4 A_x1 Ax1p _x2 b f€x2 1/4 _x1 A _x2 A x2 b x3 €x3 1/4 A_x3 A x3 b x2 Define country variables, zi, z1 1/4 x1; z2 1/4 _x1; z3 1/4 x2; z4 1/4 _x2; z5 1/4 x3; z6 1/4 _x3 8 Solutions for Skill Assessment Exercises 9. E1SM 11/11/2010 9:29:10 AM Page 9 Writing status equations using status variable definitions and inversions of differential equations, _z1 1/4z2 _z2 1/4€x1 1/4A_ x1Ax1 b _x2pf1/4
AzAz1pzapf_z31/4 _x21/4z4 _z41/4 €2 1/ _x1 &lt;7&gt; A_x2 Ax2 px3 1/4 22 Az4 A z3 b 25 _25 1/4 _x3 1/4 26 _z6 1/4 €x3 1/4 A_x3 A x3 p x2 1/4 Az6 A z5 p z3 The output is z5. Therefore, y 1/4 z5. In vector-matrix form, _z1/401000A1A101000000001A1A11100000101010A1266666666643777777752p01000026666666643777777775ftdb;y1/400000 101/2 Sz 3.3 First obtain the state equation for the transfer function without zero. X sd P R sd b 1/4 1 s2 p 7s b 9 Cross multiplies the result of s2 p 7s p 9 A
A X sd b 1/4 R sd b Take the Laplace transformation inversion assuming zero initial conditions, we get €xp 7_x p 9x1/4 r Defines a country variable as a country variable as x1 1/4 x x2 1/4 _x _x1 1/4 x2 _x2 1/4 €x 1/4 A7_x A 9x b r 1/4 A9x1 A 7x2 p r Using zero transfer function, we find the equation output to be, ¢ 1/4 2_x p x 1/4 x1 p 2x2 Put all equations in the result of vector-matrix form, _x 1/4 0 1 A9 A7 # xp 0 1 # r ¢ 1/4 1 21/2 Sx Chapter 3 Solution for Skill-Training Assessment 91 E1SM 11/11/2010 9:29:11 Page 10 3.4 State equation converted to transfer function
using G s6 b 1/4 C sl A A3 PA1 B 81b where A 1/4 A4 A1:54 0! ; B 1/4 2 0! ; and C 1/4 1:5 0:6251/2 S: Evaluating sl A A3 b produces sl A A3 b 1/4 sp 4 1:5 A4 s! Taking the opposite we get sl A A3 PA1 1/4 1 s2 b 4s b 6 s AL:5 4 s p 4! Substitution of all expressions to Eq. (1) produces G sd b 1/4 3s b 5 s2 p 4s b 6 3.5 Write differential equations we get d2 x dt2 b 2x2 1/4 p df td b 81 Letting x 1/4 xo p dx and substitution to Eq. (1) result d2 xo b dxd b dt2 b 2 xo p dxd P2 1/4 p df td b 32b Now, linearize x2 . xo b dxd P2 A x2 0 1/4 d x2 A A dx xo dx 1/4 2xodx from which
x0 p dxd b2 1/4 x2 o b 2xodx &3P Substituting Eq. (3) to Eq. (1) and performing the indicated differentiation gives us a linearized intermediate differential equation, d2 dx dt2 b 4xodx 1/4 A2x2 o b b 10 p df t8 b 34b Spring strength on balance is 10 N. Thus, since F 1/4 2x2; 10 1/4 2x2 o from where xo 1/4 ffiffiffi 5 p 10 Solutions for Skill Assessment Exercises 11. E1SM 11/11/2010 9:29:11 Page 11 Substitution of this xo value to Eq. (4) gives us the final linearization differential equation. d2 dx dt2 p 4 ffiffiffi 5 p dx 1/4 df td b Select country variables, x1 1/4 dx x2 1/4 _dx
Write state equations and output _x1 1/4 x2 _x2 1/4€dx 1/4 A4 fiiffiffi5 p x1 p df t& b y 1/4 x1 Conversion to vector-matrix form produces the end result as _x 1/4 0 1 A4 ffiffiffi 5 p 0! xp 0 1! df td P y 1/4 1 01/2 Sx CHAPTER 4 4.1 For step input Csd b 1/4 10sh 43 Psp63Pspp 18P sp 78 b sp83Pspp 10 P AspBspp1pCsp7pDsp8p Esp p 10 Take the reverse Laplace transformation, c td b 1/4 A p BeAt p CeA7t b DeA8t p EeA10t 4.2 Since 1/4 50; Tc 1/4 1 a 1/4 1 50 1/4 0:02s; Ts 1/4 4 a 1/4 4 50 1/4 0:08 s; and Tr 1/4 2:2 a 1/4 2:2 50 1/4 0:044 s. 4.3 a.

is very wet. d. vn 1/4 fiiffiffiffiffiffiffi 625 p 1/4 25 and 2zvn 1/4 0; ;z 1/4 0 and the system is not inundated. Chapter 4 Solutions for Skill Assessment Exercises 11 12. E1SM 11/11/2010 9:29:13 Page 12 4.5 vn 1/4 fiiffiffiffiffiffiffifififi 361 p 1/4 19 and 2zvn 1/4 16; ;z 1/4 0:421: Now, Ts 1/4 4 zvn 1/4 0:5 s and Tp 1/4 p vn ffiffiffiffiffiffiffiffiffiffifiifiifitiifinftannmmttathbfiiiiibiG 1 A z2 p 1/4 0:182 s. From Figure 4.16, vnTr 1/4 1:4998. Therefore, Tr 1/4 0:079 s. Lastly, %os 1/4 e Azpffiffiffi 1 p A z2 A100 1/4 23:3% 4.6 a. The second order estimate is valid, since the

dominant pole has a real part of the A2 and the higher order pole is in A15, which is more than five times further. B. The estimate of the second order is invalid, since the dominant pole has a real part of the A1 and the higher order pole is in A4, i.e. no more than five times further. 4.7 a. Expanding the G by partial fraction produces G s& b 1/4 1 s 0:8942 sp 20 A 1:5918 s b 10 A 0:3023 s b 6:5 . But A0:3023 is not an order of less than the residue of the second order term (terms 2 and 3). Therefore, the second order estimate is invalid. b. Expanding the G(s) with partial
fractions produces G sd b 1/4 1 s p 0:9782 s b 20 A 1:9078 s p 10 A 0:0704 s p 6:5 . But 0.0704 is an order of less than the residue of the second order term (periods 2 and 3). Therefore, the second order estimate is valid. 4.8 SeeFigure4.31linthetextbookfortheSimulinkblockdiagramandtheoutputresponses. 4.9 a. Since sSIAA1/4sA23sp5!;sIAA3 PA11/41s2p5sph6sp52 A3 s!: Also, BUSA b 1/401=sp 18 b # . Country vector is X sd b 1/4 sI AAS PA1 x 0 P pBUsd P1/2S51/41sp 18 bsp28bsp30bPA2s2p7sp7AAAs2A4sA4sAA4sAdsAA4sA
6s# . The outputis Y sd b 1/4 1 31/2 SXsd b 1/45s2p2s A4 sp 16 b sp 28 b shp 38 b 1/4 A0:5sp 1 A 12 sp 2 p 17:5 sp 3. Taking reverse Laplace transformation produces y td b 1/4 A0:5eAt A A 12eA2t p 17:5eA3t . B. Eigenvalues given by root jsl A Aj 1/4 s2 b 5s p 6, or A2 and A3. 4.10 a. Since sIAA3 P 1/4sA22sp 5! ; sl AA§PA11/41s2p5sp 4sp 52 A2 s!. Taking the Laplace transformation of each term, the state transition matrix is given by Ft3 b 1/4 4 3eAtA 13 eAdt23eAtA23eAdtA2A2a3eAthp23eAdtA13eAtp43eAdt26643775:12
Solutions for Skill Assessment Exercises 13. E1SM 11/11/2010 9:29:13 Page 13 b. Since FtAtd P 1/4 43 eAtAtd PA 13 eAd4tAtd P23 eAtd P A23Ae4tAtd PA23 eAtAtdP p 23 eAd4tAtd PA 13 eAtAtd Pp43eA4tAtd P26643775and Butdb 1/4 0 eA2t! ; FtAtd PButd b 1/4 2 3eAteAt At A2 3 e2teAdt A1 3 eAteAtp43e2teAdt 266437 75: Thus, xt8P 1/4Ftdbx 0 P b RtOFtAtd P BUtS bdt 1/4 10 3eAt AeA2t A4 3eAdt A53 eAtheA2tp83eAdt26643775c.ytd b 1/4 2 11/2 Sx 1/4 SeAt A eA2t CHAPTER 5 5.1 Merge parallel blocks or
the front line. Then, push 1 left past the pick up point. 1 s s s2 + 1 + — — R(s) C(s) Combine parallel feedback lines and get 2s. Then, apply the feedback formula, simplify, and get, T s8 b 1/4 s3 p 1 2s4 b s2 b 2s . 5.2 Find the function of closed loop transfer, Tsd P 1/4 Gs8 b 1p G s8 bPHsd b 1/4 16 s2 p as b 16 , where and G sd b 1/4 16 s s b ad b and H s8 b 1/4 1. Thus, vn 1/4 4 and 2zvn 1/4 a, from which z 1/4 a 8 . But, for a 5% overshoot, z 1/4 Aln % 100
liliniinilpininnigiiniigininiiniiindinindigiiniinioiisiinininbioiiniigainpiiisinioiniininiioiobigiiingioiibinininbiisiigioindioiiin oo i bisisiinioininigindoiniigiiiipioiibiibinindoiniigioinnioiiiipiniingioiiniinigisbisininiioiiniipoiniigiiniinioibiioiindininiiiiinpioiisiioininiiniiniinoisiigiiinpioiisininin i gioiisininindigiiniinioibiiiiiniininiinpigisiioioiniiniininpointigiiiinioiibinininioisiigininiioiisininindipiiiiniintigiiingioiiiiniindiginiiniiniiniiinoindigiiiiiioibiioiiin oo
b In2 % 100 s 1/4 0:69. Since then, z 1/4 a 8; a 1/4 5:52. Chapter 5 Solutions for Skill Assessment Exercises 13 14. EISM 11/11/2010 9:29:13 Am Page 14 5.3 Label node. ++ +— — R(s) s N1(s) N2(s) N3(s) N4(s) N6(s)N5(s) N7(s) s C(s) 1 s 1 s Draw node. R(s) N1(s) N2(s) N5(s) N7(s) N6(s) N3(s) N4(s) C(s) Connecting nodes and label subsystems. R(s) C(s)1 1 s -1 ss 1 -1 1 1 sN1 (s) N2 (s) N5 (s) N6 (s) N7(s) N3(s) N4(s) Eliminate unnecessary nodes. R(s) C(s)1 ss 1 s —s —1 14 Solutions for Skill Assessment Exercises 15. E1SM 11/11/2010 9:29:14 Page 15 5.4 The
advantages of the forward line are G1G2G3 and G1G3. The advantages of loops are AG1G2H1; AG2H2; and AG3H3. Nontouching loops are AG1G2H11/2 S AG3H31/2 S 1/4 G1G2G3H1H3 and AG2H21/2 S AG3H31/2 S 1/4 G2G3H2H3. Also, D 1/4 1 p G1G2H1 b G2H2 b G3H3 b G1G2G3H1H3 b G2G3H2H3: Finally, D1 1/4 1 and D2 1/4 1. Substitution of these values into Tsd b 1/4 Csd P Rsd b 1/4 P k D produces Ts8 b 1/4 G1 s PG3s8 b 1 p G258 P1/2 S 1 p G2 s8 PH2 58 b Pp G1 58 PG2 s8 bPH1 s6 P1/2 S 1 p G3 s8 PH3 s8 P1/2 $ 5.5 The equation of the
state is, _x1 1/4 A2x1 p x2 _x2 1/4 A3x2 p x3 _x3 1/4 A3x1 A 4x2 A 5x3 b r y 1/4 x2 Drawing a diagram of the flow of signals from the equation the state produces 1s 1s1s111 -4 —2-3 -3 r x1x2x3 y 5.6 From G s8 b 1/4 100 sp 58 b s2 p 5s b 6 we draw a graph of the signal flow in the form of a controller canonical and add feedback. 1 -5 —6 100 500 -1y r 1 s 1 sx1 x2 Chapter 5 Skill Assessment Training Solutions 15 16. EISM 11/11/2010 9:29:14 AM Page 16 Write the status equation of the signal flow diagram, we obtain x 1/4 A105 A506 10 # x p 10 # r y 1/4 100
5001/2 Sx 5.7 From the transformation equation, PA1 1/4 3 A2 1 A4! Take the opposite, P 1/4 0:4 A0:2 0:1 A0:3! Now, Pal AP 1/43 A2 1 A4 #1 3 A4 A6 # 0:4 40:2 0:1 a0:3# 1/4 6:5 A8:59:5 A11:5# Pal B 1/4 4 43 A2 1 A4 # 13 # 1/4 A3 A11 # CP 1/4 1 41/2 S 0:4 40:2 0:1 40:3 # 1/4 0:8 A1:41/2 S therefore, _z 1/4 6:5 A8:5 9:5 A11:5 # z p A3 A11 # u 1/4 0:8 A1:41/2 Sz 5.8 First find eigenvalues. jll AAj1/41001' A 13 A4 A6! 1/41 A1 A3 41p 6 1/4 12 p 51 b 6 From which eigenvalues are A2 and A3. Now use Axi 1/4 Ixi for each eigenvalue, |. Thus, 13 A4 A6! x1 x2! 1/4 | x1
x2! For | 1/4 A2, 3x1 b 3x2 1/4 0 Ad4x1 A 4x2 1/4 0 16 Solutions for Skill Assessment Exercises 17. ELSM 11/11/2010 9:29:15 Page 17 Thus x1 1/4 Ax2 To | 1/4 A3 4x1 b 3x2 1/4 0 A4x1 A 3x2 1/4 0 Thus x1 1/4 Ax2 and x1 1/4 A0:75x2; from where we let P 1/4 0:707 A0:6 A0:707 0:8! Taking the inversion produces PA1 1/4 5:6577 4:2433 5 5! Therefore, D 1/4 Pal AP 1/4 5:6577 4:2433 55 # 1 3 A4 A6 # 0:707 40:6 40:707 0:8 # 1/4 A2 0 0 A3 # PA1 B 1/4 5 77 4:2433 5 5 # 13 # 1/4 18:39 20 # CP 1/4 1 41/2 S 0:707 A0:6 A0:707 0:8 # 1/4 A2:121 2:61/2 S, Finally, Finally _z
1/4 A200A3#2zp 18:39 20 # uy 1/4 A2:121 2:61/2 Sz CHAPTER 6 6.1 Make the table Routh. s7 36 7 2 s6 9 4 8 6 S5 4.666666667 4.3333333 0 0 s4 A4.35714286 8 6 0 s3 12.90163934 6.6 There are four signs and there are no complete lines of zero, there are four right-wing masts and three half masts left. 6.2 Creating a Routh table. We found a row of zeros in line s3. Even polynomials are contained in the previous line as A6s4 p 0s2 p 6. Retrieving derivative results of Chapter 6 Solutions for Skill Assessment Exercises 17 18. E1SM 11/11/2010 9:29:15 Page 18
A24s3 b 0s. Replaces row zero with the derivative result coefficient of row s3. We also found zero in the first column in row s2. We replace zero with e and continue the table. The final result is shown now as s6 1 A6 A16s51010s46060s3A240000R0OZs2e 60s1144=e0006 0000 There is one mark change under even polynomials. Thus the polynomial (4th order) has one right plane half mast, one left plane half mast, and 2 imaginary axis poles. From the top of the table down even polynomials produce one sign change. Thus, the remaining polynomial one
root half plane right, and one left left Root. The total for this system is two masts and a half right plane, two masts and a half left plane, and 2 imaginary poles. 6.3 Since G- 1/4 K s i 203 You s i 28 You s i 38 You; T, you are 1/4 G, ie 1i G, 1/4 K, ie 208 You s3i5s2 i 6 i K& You including 20K Form the Routh table. s3 1 6 i K& S2 5 20K s1 30 A 15K 5 s0 20K From line s1, K 2. From line s0, K 0. Thus, for stability, 0 K 2. 6.4 First discover slAAjj1/4s000s000264375A21171A34A526432751/4sA 25 YouAl1 A1 A1sA 78 YouAl3 A4si5d You1/4s3A4s2
A 33s i 51 Now form routh table. s3 1 A33 s2 A4 51 s1 A20:25 s0 51 There are two mark changes. Thus, there are two RHP poles and one LHP pole. 18 Solutions for Skill Assessment Exercises 19. ELSM 11/11/2010 9:29:15 Page 19 CHAPTER 7 7.1 a. First check stability. T-1/4 G- 1 i G-1/4 10s2 i 500s i 6000 s3 i 70s2 i 1375s i 60001/4 600010 s i 303 you include your 208 including your 26:033 including your 37:898 including 6:0858 You Poles being on the Ihp. Therefore, the system is stable. Stability can also be checked through Routh-Hurwitz using the T

denominator. 15u td You : estep 18 You 1/4 15 1 i lim s!0 G- You 1/4 15 1i 1 1/4 0 15tu t8 You : eramp 18 You 1/4 15 lim s!0 sG- You 1/1/14 15 10A 20A 30 25A 35 1/4 2:1875 15t2 u td You : eparabola 18 You 1/4 15 lim s!0 s2 G-1/4 30 0 1/4 1; since L 15t2 A1/4 30 s3 b. First check stability. T-1/4 G- 1 i G-1/4 10s2 i 500s i 6000 s5 i 110s4 i 3875s3 i 4:37e04s2 i 500s i 6000 1/4 10 s i 308 You're including 208 You're including 50:018 You're including 258 You s2 A 7:189e A 04s i 0:13728 You From the second-order term in the denominator, we see that the system is
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unstable. Instability can also be determined using the Routh-Hurwitz criteria on the T denominator. 7.2 a.m. The system is stable, since T- 1/4 G- 1 G-1/4 1000 s i 85 You're i 98 You're i 1000 s i 88 You 1/4 1000 s i 85 You s2 i 1016s i 8063 and type 0. Therefore, Kp 1/4 lim s!0 G- 1/4 1000A 8 7A 9 1/4 127; Kv 1/4 lim s!0 sG, you 1/4 0; estep 18 anda 1/4 1i lims!0 G- 1/41i1/4i1i1/41i1i1i1/4i127 1/4 7:8e A 03 eramp 18 You 1/1 4 1 limsl0sGsP 1/410 1/4 1 eparabola 16 You 1/4 1 lim s!0 s2 G-1/4 1 0 1/4 1 Chapter 7 Skill Assessment training solutions 19 20.
System E1SM 11/11/2010 9:29:16 Page 20 7.3 stable for K. Positive system is Type 0. Therefore, for input hop estep 18 You 1/4 1 1i Kp 1/4 0:1. Breakdown for kp kp results 1/4 9 1/4 lim s!0 G-1/4 12K 14A 18; from where we get K 1/4 189. 7.4 Stable system. Since G1, you 1/4 1000, and G2, you 1/4 s i 28 you include 43 You, eD 18 You 1/4 A 1 lim s!0 1 G2, ie G1 s!0, You 1/4 1 2 i 1000 1/4A 9:98e A 7.5 Stable system. Create a unity feedback system, where He- 1/4 1 s i A11/4 AssilThe system is as follows: + - - - R(s) Ea(s) C(s)100 s + 4-s s + 1 Thus, Ge, You 1/4
G, i.e. G-- You 1/4 100 s i 48 You 1 A 100s i 13 You're including 48 You 1/4 100 s i 18 You S2 A 95s i 4 Hence, the system is Type 0. Evaluating the results kp Kp 1/4 100 4 1/4 25 Stable status errors given by estep 16 You 1/4 1 1iKp 1/4 11125 1/4 3:846e A027.6Since G-1/4Ksi78Yous2i2i2sil10;e18your1/411iKp1/411i7K101/41010i7K. Calculating sensitivity, we get Se:K 1/4 K e @e @K 1/4 K10 10 7K A108 b7 10§ 7K8 You2 1/4 A 7K 10 i 7K 20 Solutions for Skill Assessment Exercises 21. E1SM 11/11/2010 9:29:16 Page 21 7.7 Given 1/4 0 1
A3A6!;B1/401!C1/4111/23;RsdbP%1s: Using the final value theorem, esteplob%llms‘OsRsoDlACsIAAé DAlBh|%I|ms'0lAlli/stAlBSb6#A101#2435%I|ms'0lAlll/stbG1A355#52b65b301#266664377775%I|ms'OsZpSsb252b63b3%23Usmgmputsubst|tutron steplob%leAAlB%lAl11/2501A3A6#A101#%1b11%5A6A130#301#%lblll/zSAl302435%23CHAPTER88la FA7|196You 1/4A7|]9|26YouA7|19|46D00339A7|196YouA7|19|36YouA7|19|66You
1/4 A5 |196 You A3 |196 You A71ij93 You A4ij93 You Al 1j98 You 1/4 A66 A 726 You 944 A 3788 You 1/4 AO: 0339 Ajo: 0899 1/4 0:096 A110: 7 b. Vector arrays are displayed as follows: jw s-plane X X —2—4 —1-3-6 =57 X M1 M2 M3 M4 M5 (-7+j9) O Chapter 8 Skill Assessment Training Solutions 21 22. ElSM 11/11/2010 9:29: 16 Page 22 Of diagram, F A7 ij98 You 1/4 M2M4 MIM3MS 1/4 A3 1j98 You A5 ij98 You Al 1j98 You A4ij9d You A71ij93 So 1/4 A66 A 728 You 944 A 13786 You 1/4 A0:0339 A JO 0899 1/4 0:096; A110:7 8. 2 a. Frrst draw a vector. jw s-plane X
Io>< followmg the rules for sketching. -8 -7 —6 -5-4-3-2-10123-5-4-3-2-1012345Real AXIS ImagAX|s 8.4 a. J3 S ]w s-plane X X O -2 2 ]3 0 b. Use criteria, first of aII we find the function of closed loop transfer. Tsd P 1/4 Gsd P 1p Gsd P 1/4 K sh 28 b s2 b K A 48 b p 2K p 138 b Using the T(s) denominator, create a Routh table. We get line zero for K 1/4 4. From line s2 with K 1/4 4; s2 p 21 1/4 0. From where we evaluated the intersection of i |mag|nary axes at 21p.c. From section (b), K 1/4 4. d. Seeklng a minimum proflt to the left of the A2 on the real axis
produces an A7 with an gain of 18. Thus the breaking point is in A7. s2 1 2K p 13 s1 K A 40 0 s0 2K b 13 0 Chapter 8 Solutions for Skill Assessment Exercises 23 24. E1SM 11/11/2010 9:29:17 am Page 24 e. First, vector images to point e close to the pole complex. jw s-plane X X —2 20 j3 —j3 At point e close to the pole complex, the angle should add up to zero. Therefore, the angle from zero - the angle of the pole in the 4th quadrant - the angle of the pole in the quadrant 1/4 180 , or tanA1 3 4 A 90 A u 1/4 180 . Solve for departure angle, u 1/4 A233:1. 8.5 a. jw 4-3 X X
s-plane 0 0 z= 0.5 j4 —j4 s 2 0 24 Solutions for Skill Assessment Exercises 25. E1SM 11/11/2010 9:29:18 am Page 25 b. Search along the imaginary axis and find point 180 at s 1/4 /j4:06. c. For partial results (b), K 1/4 1. d. Looking between 2 and 4 on the real axis for minimum reinforcement results in a break-in at s 1/4 2:89. E. Looking along z 1/4 0:5 to point 180 we find s 1/4 A2:42 p j4:18. F. For partial results (e), K 1/4 0:108. G. Using the result of part (c) and root locular, K 1. 8.6 a. s jw z = 0.591 —2—4-6 XXX 0 s-plane b. Searched along the z line 1/4 0:591 (10%
overshoot) for a result of 180 points A2:028 p j2:768 with K 1/4 45:55. c. Ts 1/4 4 jRej 1/4 4 2:028 1/4 1:97 s; Tp 1/4 p jimj 1/4 p 2:768 1/4 1:13 s; vnTr 1/4 1:8346 of graphs and rise-time charts in Chapter 4. Since vn is the radial distance to the pole, vn 1/4

i i i i i i i i i R ey i iy R iy R ey R e i iy Fr i R e R e R i FR ey R i R e R iR e R R e R e e R i R R e R e R R e R i R e R e i R i R A R R R i FR R e R i R R iR R A R R R R R R R R AR Thus, Tr /4 0:53 s; because this system is Type 0, Kp 1/4 K 2A 4A 6 1/4 4 45:55 48 1/4 0:949. Thus, estep 18 b 1/4 1 b Kp 1/4 0:51: d. Looking for the real axis to the left of A6 for the point where the gain is 45.55, we find A7:94. Comparing this value
with the real part of the dominant pole, A2:028, we found that it was not five times further away. The second order estimate is invalid. 8.7 Find the closed loop transfer function and place the shape that produces pi as the root locular variable. Thus, Tsd b 1/4 Gsd b 1 p G s8 b 1/4 100 s2 p pis p 100 1/4 100 s2 b 1008 b p pis 1/4 100 s2 b 100 1 b pis s2 b 100 Chapter 8 Solutions for Skill Assessment Exercises 25 26. EISM 11/11/2010 9:29:18 Page 26 Therefore, KG s8 PH s8 b 1/4 pis s2 b 100 . The following shows the root lox. s jw -j10X O s-plane 0 j10 8.8 Follow the
rules for planning positive root loci feedback we get the following root loci: s jw -2—4 X s-plane —1 XXo 0-3 8.9 Closed loop transfer function is Tsd b 1/4 K's p 18 b s2 p K b 28 bs p K . Distinguish denominators with respect to the results of K 2s @s @Kp Kp28 b @s @Kpsp 18 1/42sp K p 28 b @s @K @s @K &lt;5&gt; b s b 18 b 1/4 0 Solving for @s @K , we get @s @K 1/4 Asp 18 b 2sp K p 238 b . Thus, Ss:K 1/4 Ks @s @K 1/4 AK s p 18 b s 2s b K b 28 b : Substituting K 1/4 20 produces Ss:K 1/4 b b p b b 1138 b . Now find the pole loop closed when K 1/4 20.
From the denominator T s3 b; s1;2 1/4 A21:05; A 0:95, when K 1/4 20. For the pole at 10:05 p.m., Ds 1/4 s Ss:K& b DK K 1/4 A12:05 A10 A21:05 p 18 b A21:05 A21:05 p 118 b 0:05 1/4 A0:9975: 26 Solutions for Skill Assessment Exercises 27. E1SM 11/11/2010 9:29:19 AM Page 27 For the pole at A0:95, Ds 1/4 s Ss:K& b DK K 1/4 0:95 A10 A0:95 b 18 b A0:95 A0:95 b 118 b 0:05 1/4 A0:0025: CHAPTER 9 9.1 a. Looking along the 15% overshoot line, we found a point on the root loath in A3:5 b j5:8 with the acquisition of K 1/4 45:84. So, for uncomputed systems, Kv 1/4
lim s!0 sG s8 b 1/4 K=7 1/4 4 45:84=7 1/4 6:55. Therefore, eramp uncompensated 18 b 1/4 1=Kv 1/4 0:1527. B. The zero comparator should be 20x further to the left than the compensation pole. Arbitrarily select Gc s8 b 1/4 sp 0:28 b sp 0:018 b . c. Enter the complicator and search along the 15% overshoot line and find the root lours at A3:4 p j5:63 with reinforcement, K 1/4 44:64. Thus, for the compensation system, Kv 1/4 44:64 0:25 b 78 b 0:018 b 1/4 127:5 and eramp compensate 18 b 1/4 1 Kv 1/4 0:0078. d. eramp without compensation 1/4 0:1527 0:0078 1/4 19:58
9.2 a. Looking along the 15% overshoot line, we found a point on the root loath in A3:5 p j5:8 with the acquisition of K 1/4 45:84. Thus, for uncomputerized systems, Ts 1/4 4 jRej 1/4 4 3:5 1/4 1:143 s: b. The actual part of the design point should be three times larger than the actual part of the pole that is not compensated. Thus the design point is 3 A3:58 bp j 3 5:85 b 1/4 A10:5 b j 17:4. The angular contribution of the plant pole and zero comparator at the design point is 130:8 . Thus, the pillar complicator must contribute 180 A 130:8 1/4 49:2 . Using the following diagram,
—pc s jw s-plane —10.5 j17.4 49.2° we found 17:4 Pc A 10:5 1/4 tan 49:2 , from where, pc 1/4 25:52. Adding this pole, we found an advantage at the design point to be K 1/4 476:3. The higher order closed loop pole was found at 11:54 a.m. This pole may not be close enough to zero closed loops in A10. Thus, we must simulate the system to ensure the design requirements have been met. Chapter 9 Solutions for Skill Assessment Exercises 27 28. E1ISM 11/11/2010 9:29:19 Am Page 28 9.3 a. Searching along the lines of a 20% overshoot, we point on the root lox at A3:5p
6:83 with the acquisition of K 1/4 58:9. Thus, to system, Ts 1/4 4 jRej 1/4 4 3:5 1/4 1:143 s: b. For uncomputed systems, Kv 1/4 lim s!0 sG s6 b 1/4 K=7 1/4 58:9=7 1/4 8:41. Therefore, eramp uncompensated 16 b 1/4 1=Kv 1/4 0:1189. c. To reduce the completion time by a factor of 2, the design point is twice the uncomputerized value, or A7 b j 13:66. Adding the angle of the plant pole and zero comparator in A3 to the design point, we get A100:8 . Thus, the pole complicator must contribute 180 A 100:8 1/4 79:2 . Using the following diagram, —pc s jw s-plane 79.2° -7
j13.66 we find 13:66 Pc A 7 1/4 tan79:2 , from where, pc 1/4 9:61. Adding this pole, we found an advantage at the design point of being K 1/4 204:9. Evaluating Kv for lead compensation system: Kv 1/4 lim s!0 sG sd PGlead 1/4 K 33 b= 78 b 9:618 P1/2 S 1/35 b= 78 P 9:618 2 S 1/33 b= 78 b 9:618 P1/2 S 1/334 204:95 b 33 b= 78 b 9:613 P1/2 S 1/4 9:138: Kv for uncomputerized systems is 8.41. For a 10x increase in stable state errors, Kv must be 8:418 b 103 b 1/4 84:1. Since lead compensation gave us Kv 1/4 9:138, we needed an increase of 84:1 = 9:138 1/ 4 9:2.
Thus, the zero break point should be 9.2x further to the left than the compensation pole. Arbitrarily select Gc s8 b 1/4 sp 0:0928 b sp 0:018 b . By using all plant poles and comparators, we found an advantage at the point of design being K 1/4 205:4. Summarizes the path forward with plants, comparators, and ge s8 b 1/4 205:4 sh 38 b s p 0:0928 b s p 78 b 9:618 b s b 0:018 b : Higher order poles found in A0:928 and A2:6. It would be advisable to simulate a system to see if there is indeed a zero-pole cancellation. 28 Solutions for Skill Assessment Exercises 29. E1SM
11/11/2010 9:29:19 Page 29 9.4 Configuration for the system is shown in the image below 1 s(s+ 7)(s +10) R(s) C(s)+ K + — Kfs Minor-Loop Design: For small Ioops G s6 PH so b 1/4 Kfsp 78 b s p 108 b . Using the following diagram, we found that the root louth of the minor Ioop intersecting line at a damping ratio of 0.7 in A8:5 p j 8:67. Imaginary parts are found as follows: u 1/4 cosAl z 1/4 4 45:57 . Therefore Im 8:5 1/4 tan45s: 57 from where Im 1/4 8 67 s jw s-plane -7 z=0.7 X X -10-8.5(-8.5 + j8 67)qIm Advantage Kf, found from vector Iength as Kf 1/4 1:52 p

30 9.5 a. The active PID controller must be used. We use the crrcurt shown in the followrng image: + - Zl(s) Z2(s) V1(s) Vo(s) Vi(s) He(s) 12 Where the impedance is shown below as follows: C1 R1 Z1(s) Z2(s) Z2(s) C2R2 Matches the transfer functron given with the transfer functron the PID controller produces Gcsd P 1/4sp 0:18 Psp 50 P s 1/4s2 p 5: 1s p0:16 P sp53bs1/4 52 pp5:1sp0:1sp 0:55 1/4sp 5:1p 0:58 1/4AR2R1p C1C2p R2Cls b1 R1C2 s2664377 5 Coefflcrents equate 1 R1C2 1/4 0:5 61b R2C1 1/4 1 2P R2 R1pC1C21/45: 1 63!3 In Eq. (2)
we arbitrarily let C1 1/4 10A5 . Thus, R2 1/4 105 . Use these values together with Eqgs. (1) and (3) we found C2 1/4 100mF and R1 1/4 20 kV. B. Lag-lead comparators can be implemented with the following passive net work, since the pole-to-zero lead ratio is the inverse of the pole-to-zero lag ratio: R1 C1 R2 C2 + — + — vo(t)vi(t) 30 Solutions for Skill Assessment Exercises 31. ELISM 11/11/2010 9:29:20 Page 31 Matchingthegiventransferfunction withtransferfunctionofthepassivelag-lead compensator produces Gc sd b 1/4 s p 0:18 b sh 28 b s b 0:018 Psp 208 b b 1/4s b
0:16 Psp 28 P s2p20:01sp 0:21/4sp 1 R1C1sp1R2C2s2p 1 RICL p1R2C2p 1 R2C1 sp 1 RIR2C1C2 Equalize coefficient 1 R1C1 1/14 0:1 81b 1 R2C2 1/4 0:1 82b 1 R1C1 p 1 R2C2 p 1 R2C1 1/4 20:01 83p Substituting Egs. (1) and (2) in Eq. (3) produces 1 R2C1 1/4 17:91 4P Arbitrarily let C1 1/4 100 mF in Eq. (1) produces R1 1/4 100 kV. Substitution C1 1/4 100 mF to Eq. (4) produces R2 1/4 558 kV. Substitution R2 1/4 558 kV to Eq. (2) produces C2 1/4 900 mF. CHAPTER 1010.1a.Gsd0b 1/41sp26bsp46b;Gjvo b 1/418pv2d b pjevMvo b 1/4
liliniinilinimindigiiniiginiinfiniiiininindidgiiiinoiisbiniiinbiniiiigiininnigiisiibiiiniiniinnintiiiingiiibininindiiisiigiaindiniiiioindigiiiinoisiiniiin o pigiisiniginiiniiidoindigiiiinioiisiiiiindioiisiigiainnioiiiidiiindiiiiibiainbiiiin i digiiiigioibiiniiidiindigiiniinioiibbininindiiiiigiiindiiisiiniiiniiiidindiiiiiniiiniiniin diisiigiiinpisiiinioindigiiiinioinbiniiin i pigiisiiniiindininiiointigiiiinioiioniioinbigiiiiinpioiiniininindibiiidisoistisiiin i pigiistiginindiniiiiindigiidiniinioiibiiiibiiiiing
b 6v8 P2 q To v ffiffiffi 8 p, f vd b 1/4 AtanAl 6v 8 A v2 : To v fiiffiffi 8 p, f vd P 1/4 A p p tanAl 6v 8 A v2! : b. Frequency (rad/sec) Phase(deg); The Size (dB) Bode Diagram 10-1 100 101 102 —200 —150 —100 —50 0-100 —80-60 —40 —20 0 Chapter 10 Solutions for Skills Assessment Exercises 31 32. ELSM 11/11/2010 9:29:20 Page 32 c. Real Axis Nyquist Diagram —0.05 0.05 0.1 0.15 0.2 —0.08 —0.06 —0.04 —0.0.02 0.02 0.04 0.06 0,08 10.2 20logM —120 —100 —80 —60 —40 0.1 1 10 100 1000 —40 dB/des—20 dB/dec-20 dB/dec—40 sB/des Frequency (rad/s) Actual
Asymptomatic Frequency (rad/s) Phase (degrees) —150 —100 —50 —50 —100 —50 —100 —50 —100 —50 —100 —50 —100 —1 50200 —450 /des —900 /dec —450 /dec —900 /dec —450 /dec 0.1 1 10 100 Actual Asymptotic 1000 32 Solutions to Skill-Assessment Exercises 33. E1SM 11/11/2010 9:29:21 Page 33 10.3 Frequency response is 1/8 at zero degree angles at v 1/4 0. Every turn 90 in going from v 1/4 0 to v 1/4 1. Thus, the resulting twisted A180 while its size became zero. The results are shown below. Re Im 01 8 w = o w = 0 10.4 a. Frequency response is 1/48 at zero
degree angle at v 1/4 0. Each pole rotates 90 deep going from v 1/4 0 to v 1/4 1. Thus, the resulting rotating A270 while its size becomes zero. The results are shown below. Im Re 1 48 w = 0w =« 0 w = 6.63 1 480 — b. Substituting jv to G sd b 1/4 1 sp 28 b s 48 b sp 63 b 1/4 1 s3 p 12s2 p 44s p 48 and simplifying, we obtained G jvd b 1/4 48 A 12v2 A A A j 44v A v3 A A v6 p 56v4 p 784v2 p 2304 . Nyquist's diagram crosses the real axis when the imaginary part of G jvd b is zero. Thus, Nyquist's diagram crosses the real axis on v2 1/4 44; or v 1/4 ffiffiffiffi 44 p 1/4 6:63
rad=s. On fre-quency G jvd b 1/4 A 1 480 . Thus, the system is stable for the K 480. Chapter 10 Solutions for Skill Assessment Exercises 33 34. EISM 11/11/2010 9:29:22 Page 34 10.5 If K 1/4 100, Nyquist diagram will intersect real axes at A100 = 480. Thus, GM 1/4 20 log 480 100 1/4 13:62 dB. From Skill-Assessment Exercise Solution 10.4, frequency 180 is 6.63 rad/s. 10.6 a. 0001001011 —180 —160 —140 —120 —100 —80 35. E1SM 11/11/2010 9:29:22 Page 35 10.8 For both sections found that G jvd b 1/4 160 27 A 6750000A 101250v2 A A p j1350 v2 A 1350 A Av v6
p 2925v4 p 1072500v2 b 25000000 . For various values for v, superimpose G jvd b in circles a.M and N, and on the chart b. Nichols. aM=1.31.4151.61.820m=0.70.60.504M=1.0-2-12 3 Im Re 1 2-1-2-3 -3 ® = 20° 25° 30° —20° —40° -50° —30° —70° 40° 50° 70° —25° G-plane —4 b. Open-Loop Phase (deg) Open-LoopGain(dB) Bagan Nichols —350 —300 —300 —300250 —200 —150 —100 —50 0 —200 —150 —100 50 0 6 dB 3 dB 1 dB 0.5 dB 0.25 dB 0 dB —1 dB -3 dB -6 dB —12 dB —1 2 dB —20 dB —40 dB —60 dB —80 dB —100 dB —120 dB —140 dB —160 dB —180
dB-200 dB-220 dB-240 dB Chapter 10 Skill Assessment Training Solution 35 36. ELISM 11/11/2010 9:29:22 AM Page 36 Plan closed loop frequency responses from a. or b. produces the following plot: ~120 —100 —80 ~60 —40 —20 0 Frequency (rad/s) 20logM 0001001011 Frequency (rad/s) 1 10 10 0 1000 —300 —250 —200 —150 —100 —50 0 Phases(degrees) 10.9 Open loop frequency response is shown in the following figure: Phase frequency (rad/sec) (deg); Bode Magnitude Diagram (dB) —40-20 0 20 40 10-100 101 102-160-140-120-100 36 Skill Assessment Training
Solutions 37. E1SM 11/11/2010 9:29:24 Am Page 37 Open loop frequency response is A7 at v 1/4 14:5 rad=s. Thus, the estimated bandwidth is VWB 1/4 14:5 rad=s. Open loop frequency response plot passes zero dB at 9.4 rad/s frequency, the phase is 151:98 . Therefore, the phase margin is 180 A 151:98 1/4 28:02 . It phases the margin of corre-sponds to z 1/4 0:25: Therefore; %0S 1/4 eA zp= ffiffiffiffiffiffifi 1Az2 pA A A 100 1/4 44:4% Ts 1/4 4 vBWz
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phase angle f1/4 Aff Av p jd b 1/4 Aff A3:08 b j8 b 1/4 A162 Therefore the phase margln is 180 A162 1/4 18 B Wlth delays of 0.1 s f1/4 Aff Av p jo b A VT 1/4 Aff A3:08 b j5 b A 3:080 b 0:16 b 180= p|6 b 1/4 A162 A 17:65 1/4 A179 65 Therefore the phase margin is 180 A 179:65 1/4 0:35 . Thus, the system is the table c. With delay of 3 s, f 1/4 Aff Av p jo b A vT 1/4 Aff A3:08 p jo b A 3:083 b 35 b 180=pid b 1/4 A162 A 529:41 1/4 A 691:41 1/4 28:59 deg: Therefore the phase margin is 28:59 A 180 1/4 A151:41 deg. Thus, the system is unstable. 10.12 Drawing
judicially selected slopes on large plots and phases as shown below produces the first estimate. Chapter 10 Solutions for Skill Assessment Exercises 37 38. ELSM 11/11/2010 9:29:24 Page 38 Experimental Frequencies (rad/sec) —40 —30 —20 -10 010201234 56 7 8 10 20 30 40 50 50 70 100 200 300 500 1000 —95 —90 —85 —80 —75 —70 —65 —60 —55 —50 —45 Phase(deg)Gain(dB) We saw an initial tilt at the magnitude A20 dB/dec plot. We also saw a slope of the final A20 dB/des with a break frequency of about 21 rad/s. Thus, the initial estimate is G1s8 b 1/41ssp
210 b . Subtracting G1 sé b from the original frequency response produces the frequency response shown below. 40 50 60 708090123456 7 8 8 20 30 40 50 70 100 200 300 500 1000 0 20 40 60 80 100 Experimental Minus 1/s(s+21) Frequency (rad/sec) Gain(dB)Phase(deg) 38 Solutions for Skill Assessment Exercises 39. E1SM 11/11/2010 9:29:24 Page 39 Draw judicially selected slopes on large plots and phases as shown resulting in a final estimate. We looked at the zero behavior of the first sequence on large plots and phases with a break frequency of about
5.7 rad/s and dc reinforcement of about 44 dB 1/4 20log 5:7K3 b, or K 1/4 27:8. Thus, we estimate G2 sd b 1/4 27:8 s p 78 b. Thus, G sd b 1/4 G1 s8 bG2 s8 b 1/4 27:8 sh 5:78 b s b 213 b . Interesting to note that the original problem developed from G s& b 1/4 30 s p 58 b sp 208 b . CHAPTER 11 11.1 Plot Bode for K 1/4 1 is shown below. Frequency (rad/sec) Phase(deg); Besarnya (dB) Bode Diagram —180 —160 —140 —120 —100 —80 —60 10—1 100 101 102 103 —250 —200 —150 —100 Overshoot 20% membutuhkan z 1/4 Alog % 100

i i i i i 3 £ £ £ T 3 £ £ i £ £ £ i i 3 £ £ 3 3 £ £ 3 3 £ £ 3 3 £ £ £ 3 i i i i e i i R i e i i i R i R e Er e iR i R i R e e R iR e R e e e R R R R R R R it Rasio redaman ini menyiratkan margin fase 48,10, yang diperoleh ketika sudut fase 1/4 A1800 p 48:10 1/4 131:9 . The angle of this phase occurs at v 1/4 27:6 rad=s. The
amount at this frequency is 5:15 A 10A6. Because the magnitude must be one unity K 1/4 1 5:15 A 10A6 1/4 194; 200. 11.2 To meet stable status error requirements, K 1/4 1; 942; 000. Plot Bode for profit is shown below. Chapter 11 Solutions for Skill Assessment Exercises 39 40. ELSM 11/11/2010 9:29:25 Am Page 40 Frequency (rad/sec) Phase (deg); Bode Magnitude Diagram (dB) —40-20 0 20 40 60 10-1 100 101 102 103-250-200-150-100 A 20% overshoot z 1/4 Alog % 100

i £ £ £ 3 £ £ £ 3 i i £ i 3 i i £ T i R i R i O iy e R e i AR R e R R i R i Fr R R e R iR e AR AR AFAiFifefif This damping ratio implies a phase margin of 48:1 . Adding 10 to compensate for the contribution of phase angles from lagging behind, we used 58:1 . Thus, we look for the angle of phase A180 b 58:1 1/4 A129:9 . The frequency at which this phase occurs is 20.4 rad/s. At this frequency the plot magnitude
must go through zero dB. Currently, the plot magnitude is 23.2 dB. Therefore, draw a high-frequency asimptote from the complicator at A23:2 dB. Enter a break at 0:1 20:48 b 1/4 2:04 rad=s. At this frequency, figure A23:2 dB/des slope until it intersects 0 dB. The interchange frequency will be a low frequency break or 0.141 rad/s. Therefore the comparator is Gc sd b 1/4 Kc s p 2:048 b sp 0:1418 b , where the advantage is selected to produce 0 dB at low frequencies, or Kc 1/4 0:141 =2:04 1/4 0:0691. In short, G¢ s8 b 1/4 0:0691 s p 2:048 b s p 0:1418 P and G sd b 1/4 1;
P942;000 s s b 508 b sp 1208 b 11.3 A 20% overshoot requires z 1/4 Alog % 100 100 p2 b log2 % 100 s 1/4 0:456. The required bandwidth is then calculated as VBW 1/4 4 Tsz fiffiffiffiffifif i fiffi i efiffi i i £ i i i i i i i i i 3 i £ i i 3 £ £ 3 i £ £ 3 3 £ £ £ 3 3 £ 3 3 i £ i i i i i i e i i R i Ry e i i R i R i e R iR e R i e R iR iR iR Eri e
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4z4 b 2 pq 1/4 57:9/rad. To meet the error requirements of stable state Kv 1/4 50 1/4 K 508 b 1208 b , we calculate K 1/4 300; 000. Uncompressed Bode Plots for reinforcement are shown below. 40 Solutions for Skill Assessment Exercises 41. ELSM 11/11/2010 9:29:25 Am Page 41 Frequency (rad/sec) Phase (deg); Bode Plot (dB) for K = 300000 —60 —40 —20 20 40 10-1 100 101 102 103 —250 —200 —150 —100 Uncompensated system phase margin measurements are taken where a large plot crosses 0 dB. We found that when the plot of magnitude crosses 0 dB, the
phase angle is A144:8 . Therefore, the uncomputerized system phase margin is A180 p 144:8 1/4 35:2 . The required phase margin based on the required attenuation ratio is FM 1/4 tanA1 2z
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i i i £ £ i £ £ £ £ i £ i i 5 i i £ i 3 i i i R i e i R e e R R e iR i i e R iR e e R R iR iR iR it Adding a correction factor of 10, the required phase margin is 58:1 . Therefore, the comparator must contribute fmax 1/4 58:1 A 35:2 1/4 22:9 . Using fmax 1/4 sinA1 1 Ab 1 p b, b 1/4 1 A sinfmax 1 p sinfmax 1/4 0:44. The peak amount of the comparator is calculated as Mmax 1/4 1 ffiffiffi b p 1/4 1:51. Now find
frequencies where uncommunicated systems have an apparent magnitude of 1 = Mmax, or A3:58 dB. From bode plot, this magnitude occurs in vmax 1/4 50 rad=s. The value of zero comparator is at zc 1/4 1 T. vmax 1/4 1 T ffiffiffi b p Therefore, zc 1/4 33:2. The comparator pole is on Pc 1/4 1 bT 1/4 zc b 1/4 75:4. The advantages of the complicator are chosen to generate the advantages of unity in Therefore, Kc 1/4 75:4=33:2 1/4 2:27. Summarize, G¢ s8 b 1/4 2:27 s p 33:28 b s b 75:48 b, and G s8 b 300;000 s b 508 b s b 1208 b . Chapter 11 Solutions for Skill
Assessment Exercises 41 42. E1ISM 11/11/2010 9:29:26 Page 42 11.4 A 10% overshoot requires z 1/4 Alog % 100 AlogffiffiffiffitfiffififfiffiffitfiffitfitfitfitfiffiffifiififieneiiiieeT p log2 % 100 s 1/4 0:591. Bandwidth yang diperlukan kemudian dihitung sebagai vBW 1/4 p Tp ffiffiffiffiffiffifififfiffiffiffitfitfi 1 A z2 p

i i i i i 3 i £ £ i £ £ £ i 3 i £ 3 i £ £ 3 3 £ £ 3 3 £ £ 3 3 £ £ i 3 i £ £ 3 3 £ £ i e s i i ey R i R e e i R ey R i Fr i e R e i R R e R e i i e iR e R R e i e R i R A T e R e R R R R R e R AT 20 b p MG 424 A 422 p 2 pg 1/4 7:53 rad=s: Untuk memenuhi persyaratan
kesalahan keadaan yang stabil dari Kv 1/4 10 1/4 K 85 b 30 30 We count K 1/4 2400. Plot Bode without a computer for this advantage is shown below. Frequency (rad/sec) Phase(deg); Size (dB) Bode Diagram —100 —80 —60 —40 —20 0 20 40 10-1 100 101 102 102 1103 —250 —200 —150 —100 Let's select a new phase-margin frequency at 0:8vBW 1/4 6:02 rad=s. The required phase margin based on the required attenuation ratio is FM 1/4 tanA1 2z
 st oioiidiiiig
i i i i £ i i £ £ £ o 3 i i i i i i i i R i e e R i R e iR i i iR R e R e i e R iR e i i i iR it Adding 5 correction factors, the required phase margin is 63:6 . At 6.02 rad/s, the frequency of the new phase-margin, the phase angle is-representing the margin of phase 180 A 138:3 1/4 41:7 . Thus, the lead com-pensator should contribute fmax 1/4 63:6 A 41:7 1/4 21:9 . Using fmax 1/4 sinhAL1Ab1pb,b1/4 1A
sinfmax 1 p sinfmax 1/4 0:456. We are now designing a pause comparator by first selecting a higher resting frequency a decade below the new phase margin frequency, that is, zlag 1/4 0:602 rad=s. The gap compensation pole is 1/4 bzlag 1/4 0:275. Lastly, the acquisition of lag compensators is Klag 1/4 b 1/4 0:456. 42 Solutions for Skill Assessment Exercises 43. ELSM 11/11/2010 9:29:27 AM Page 43 Now we are designing a lead comparator. Lead zero is the product of new phase margin frequency and ffiffiffi b p, or zlead 1/4 0:8vBW ffiffiffi b p 1/4 4:07. Also, beg 1/4
zlead b 1/4 8:93. Lastly, Klead 1/4 1 b 1/4 2:19. Sum up, Glag 1/4 sd b 1/4 0:456 sp 0:6023 b s p 0:2758 b; Glead sd b 1/4 2:19 s p 4:078 b s p 8:938 b; and k 1/4 2400: CHAPTER 12 12.1 We first find the desired characteristic equation. Overshoot 5% requires z 1/4 Alog % 100
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i i i £ i i 6 £ £ 3 3 £ £ 3 3 £ £ i i 3 £ £ 3 £ £ £ 3 3 £ £ 3 3 3 £ 3 3 i £ £ 3 3 £ £ i 3 £ £ i 3 3 i i i e i i i R e i i i i R i R i e i i R i R i R e i R i R i R A R iR e R R e e i R R R e e R it vo 1/4 p Tp MefifffiGifAiGffiififif 1 A p /4 14:47 rad=s. Thus, the char-acteristic
equation is s2 p 2zvns p v2 n 1/4 s2 b 19:97s p 209:4. Adding a pole in A10 to cancel zero in A10 produces the desired characteristic equation, s2 p 19:97s p 209:4 A A'sp 108 b 1/4 s3 p 29:97s2 p b 409:1s b 2094. The tem matrix compensated in the form of phase variables is AABK 1/4 01001 Ak15 b A 36 p k28 b A 15 b k338 b 2 6 4 3 7 5. The characteristic equation for this system is jsl A A A BK& bj 1/4 s3 b p 15 p k38 Ps2 b 36 p k23 bs p k13 b. Equating the coefficients of these equations with the coefficients of the desired characteristic equation yielding profits

as K 1/4 k1 k2 k31/2 S 1/4 2094 373:1 14:971/14 2 S: 12.2 The control matrix is CM 1/4BABA2BAA1/42114A91 A1 1626 4 37 5. Since jCMj 1/4 80, CM is ranked full, which is ranked 3rd. We concluded that this system could be controlled. 12.3 First check the controls. Control matrix is CMz 1/4 1/4 AB A2 BAA1/400101 A17 1 A9 81 2 6 4 3 7 5. Since jCMzj 1/4 A1, CMz has a full rating of 3rd place. We concluded that this system could be controlled. We are now finding the desired characteristic equation. Overshoot 20% requires z 1/4 Alog % 100
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also,vn1/44zTs 1/44 4 4 4 4 4 4 4 4:386 rad=s. Chapter 12 Solutions for Skill Assessment Exercises 43 44. E1ISM 11/11/2010 9:29:27 Page 44 Thus, the characteristic equation is s2 p 2zvns p v2 n 1/4 s2 p 4s p 19:24. Adding a pole in A6 to cancel zero in A6 produces the desired characteristic equation, s2 p 4s p 19:24 A A sp 68 b 1/4 s3 p 10s2 p 43:24s p 115:45: Since Gsd P 1/4sp 68 b spppp b 78 b sh 85 sp 98 b 1/4 sp 6 s3 p 24s2 p p 191s b 504 , we can write phases- variable representations as Ap 1/4 0100 1 A504 A191 A24264375;BP1/400126
4375;Cp1/46101/2 S. The matrix of the system compensated in the form of phase variables is Ap A BpKp 1/401 001 A 504 b k18 b A 191 b k23 b A 24 hb k33 b 2 6 4 3 7 5. The characteristic equation for this system is jsl A Ap A BpKp A Aj 1/4 s3p 24 b k38 bs2 b b 191 p k28 bs p 504 p k18 b. The equatorial coefficient of this equation with the desired characteristic equation coefficient yields an advantage as Kp 1/4 k1 k2 k31/2 S 1/4 A388:55 A147:76 A141/2 S. We are now developing a transformation matrix to change back to the z-system. CMz ¥ Bz AzBz A2
zBzhi%00101A171A981264375and CMp % Bp ApBp A2 pBphi% 00101A241A24385264375: Therefore, P % CMzCAIMx% 00101 A171A9812643751912412410100264375%10071056151264375Hence, Kz% KpPAL % A388:55 A147:76 A14S100A7 1049 A15126 4 3 7 5% A40:23 62:24 A14Y, S. 12.4 For the given systeme_x % AA LCS bex %4 A24p11dP10A 191 p 125 P01 A504 p 135 P 002 6 4 3 7 5ex. Polynomial characteristics are given by j sl A A A LC3 P1/2 §j 1/4 s3 p 24 b 118 bs2 p 191 p 125 bs p
504 b 138 b. Now we find the desired characteristic equation. The dominant pole of Skill Assessment Exercise 12.3 comes from s2 p 4s p 19:24 A A . Factoring results A2 p b and A2 A j3:98 b. Increasing this pole by a factor of 10 and adding a third pole 10 times the real part of the dominant second order pole resulted in 44 Solutions for Skill Assessment Exercises of 45. E1SM 11/11/2010 9:29:28 Page 45 desired polynomial characteristics, s p 20 b j398 b sp 20 A j398 b sp 2003 b 1/4 s3 p 240s2 p 9921s p 384200. Equating the coefficient of the desired characteristic
equation with the equation of system characteristics resulting in L 1/4 216 9730 383696 2 6 4 3 7 5. 12.5 Observation matrix is OM 1/4 1/4 CACA226 4375 1/4 4 6 8 A64 A80 A78 674 848 814 2 6 4 37 5, where A2 1/4 25 28 32 A7 A4 A11 77 95 94 2 6 4 3 7 5. Full-ranked matrix, that is, ranked 3rd, since jOMj 1/4 A1576. Therefore this system can be observed. 12.6 The system is represented in multilevel form by the following circumstances and output equations: _z 1/4 A7 10A8100A9264375z2p001264 37 5uy 1/4 1 0 01/2 Sz The observation matrix is

OMz 1/24CzCzAzCzA222643751/410A71049A151264375, where A2z 1/449A151064 A17081264375.Since GsdP 1/41sh 78 P sp 83 b sh 98 b 1/4 1 s3 p 24s2 b 191s b 504 , we can write observable canonical forms as_x 1/4 A24 1 0A191 01 A5040264375xp 0000126437 5uy 1/4 1 0 01/2 Sx Observation matrix for this form is OMx 1/4 Cx CxAx CxA2 x26 6437 51/4100A24 10385 A24 126 4 37 5, Chapter 12 Solutions for Skills Assessment Exercises 45 46. EISM 11/11/2010 9:29:28 Page 46 where A2 x 1/4 385 A24 1
4080 A191 0 12096 504 0 2 6 4 3 7 5: We further find the desired characteristic equation. Overshoot 10% requires z 1/4 Alog % 100
 il
Thus, the characteristic equation is s2 p 2zvns p v2 n 1/4 s2 p 80s b 4578:42. Adding a pole in A400, or 10 times the real part of the pole of the dominant second order, produces the desired character - the resulting istic equation, s2 b 80s p 4578:42 A A s b 4003 b 1/4 s3 p 480sp 36580s p 1:831x106. For systems represented in observable canonical form e_x 1/4 Ax ALXCxdPex1/4A24p116P10A 191 pl2sp01 A504pI36P 0026437 5ex. Polynomial characteristics are given by j sl A Ax A LxCxd b1/2 S] 1/4s3p 24 p 118 bs2 b 191 p 128 bs p 504 p 136 b.
Equating the coefficients of the desired characteristic equation to the system characteristic equation resulting in Lx 1/4 456 36; 389 1; 830; 496 2 6 4 3 7 5. Now, develop a matrix of transformations between canonical forms and a cascade of observers. P 1/4 OA1 MzOMx 1/4 100A71049A1512666437775A1100A24110385A24126664377751/41071056151266647775100A2410385A2412666437751/410A171081A91666437775Finally, Lz1/4PLx1/4100A171081A91264 375456 36;3891;830;49626437
51/4 456 28; 637 1; 539; 931 2 6 4 3 7 5 % 456 28; 640 1; 540; 000 2 6 4 3 7 5. 46 Solutions for Skill Assessment Exercises 47. ELISM 11/11/2010 9:29:29 Page 47 12.7 We first discovered the desired characteristic equation. Overshoot 10% requires z 1/4 Alog % 100
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i i i i i i 3 £ £ £ 3 £ £ £ i 3 £ £ 3 i i i i i 3 i i i e e i i R i R ey e e i R e R e Fr T e e iR i R R e R e e e R iR e R R e e R e R i R R R e R e fieffannmmfimhffinfiiinGe A z2 p 14 1:.948 rad=s. Thus, the characteristic equation is s2 i 2zvns i v2 n 1/4 s2 i 2:3s i 3:79. Adding a pole in A4, which corresponds to the zero location of the original system, produces the desired
characteristic equation, s2 i 2:3s i 3:79 AOnsi4d You1/4s3i6:3s2i13si15:16. Now, _x _xN! 1/4 A a bkd You BKe & C 0! x xN!i 01! r; and y 1/4 C 01/2 S x xN! , where AABK 1/4 0 1 A7 A9' A0 1! k1 k21/2 5 1/40 1 A7 A9’ A0 O k1 k2! 1/40 1 A 7ik1d You A 9ik2d You! C 1/4411/2 S5 Bke 1/401!1/40to! Thus, x1 _x2 _xN2643751/4010A7ikldYouA9ik2d YoutoA4A102643775x1x2xN264375i01!r;y1/44101/2Sx1x2xN 26437 5. Finding similar characteristics of this system results in sl A A A BK& You BKe AC 0! 1/4s000s000s:
64375A010A7ikl1dYouA9ik2d Youto 10AA4A102643751/4sA107ik1dyouinclude 9ik28 YouAke41s2643751/4s3i9ik258bs2i7ikliked youinclude 4ke Equate this polynomial with the desired characteristic equation, s3 i 6: 3s2i13si15:16 1/4 s3191k28 Ps2i7 ikl iked Ps i 4ke Solving for k's, K 1/4 2:21 A2:71/2 S and 1/4 3:79 : Chapter 12 Skills Assessment Training Solutions 47 48. E1SM 11/11/2010 9:29:30 Page 48 CHAPTER 13 13.1 f t& you 1/4 sin vkT8 you; Your 1/4 k1 k1/40 tendon vkTd you t A KT8 you; Get your 1/4 X1 k1/40
tendon vkTd PeAkTs 1/4 X1 k1/40 ejvkT A eAJva A On eAkTs 2h 1/4 1 2h X1 k1/40 eT sAjvd You Ak Ak A eT unjvd You Ak, P1 k1/40 xAk 1/4 1 1 A xA1 Thus, you 1/4 1 2j 1 1 A eAT sAjvd You A 1 1 A eAT unjvd You! 1/4 1 2h eATs ejvT ATs ejvT 1 ATsejvT A eATsejvTd You i eA2Ts! 1/4 eATs sin vTd You 1 A eATs2cos vTd You i eA2Ts! 1/4 zA1 sin vTd You 1 A 2zA1cos vT8 You include zA2 13.2 F zd anda 1/4 z i 18 You zi28 You z A 0:2 F z8 You 1/4 i 18 You zi 28 You z A 0:25 Youz A 0:78 you z A 0:98 You F z8 You z 1/4 2z i 18 You zi 28 You z A 0:58 You z A
0:78 You zA 0:98 You 1/4 46:87522220:5A 114:7512A0:7168:87522A0:7512zA0:716 8:8752z A 0:79 F zd you 1/4 46:8752z A 0:5 A 114:752 z A 0:7168:875 z z A 0:9; f KTS You 1/4 46:875 0:58 You A 114:75 0:78 You include 68:875 0:98 You 13.3 Since G-1/4 1 AeATsAOn8si4d You,Gzd Youl/4 1AzA1AOnz8si4dYou'l/4zA1zAsiBsid'1/4zA1z2si2si4 :LetG2sill42si2si4 Therefore, g2td You 1/4 2 A 2eA4t , or g2 kT3 You 1/4 2 A 2eA4kT . Therefore, G2 z8you 1/42z2z A1 A 22z AeA4T 1/42z 1 AeA4TAOnz A 13 You z
A eA4T3 You . 48 Solutions for Skill Assessment Exercises 49. ELSM 11/11/2010 9:29:30 Page 49 Therefore, G z8 You 1/4z A1z G2 z8 You 1/42 1 AeA4T AOn z A eA4Td You . For T 1/4 1 4 s, G z3 You 1/4 1:264 z A 0:3679 . 13.4 Adding samples input, input, after H, and to output. Push the G1(s)G2, along with its input sampler, on the right past the pick up point and get the block diagram shown below. H(s)G1(s)G2(s) G1(s)G2(s) R(s) C(s)+ — Therefore, T z8 b 1/4 G1G2z8 b 1 p HG1G2 28 . 13.5 Let Gsd P 1/420sp 5. Let G2sd P 1/4 Gsd P s 1/420s b 53 b 1/4
sA4sp5. Take the reverse Laplace change and let t 1/4 KT, g2 kTd b 1/4 4 A 4eA5KT . Take the result z-transform G2 z8 b 1/4 42z A1 A4z 2 AeAST 1/4 42 1AeASTAAz A 18P zAeA5To P . Now, G20 P 1/4zA1zAG220pP 1/44 1 AeASTAAZ A eASTo b . Finally, Tz6 P 1/4Gz8 P 1p Gz b 1/44 1 AeAST AAz A5eA5T p 4. The mast of the closed loop system is at 5eAST A 4. Substitution of T value, we found that the pole is greater than 1 if T is 0:1022 s. Therefore, stable system for 0 T 0:1022 s. 13.6 Substituting z 1/4sp1sA1toDzd b 1/423 Az2 A
0:5z b 0:3, we obtained D s& b 1/4 s3 A 8s2 A27s A A A 6. Routh's table for polynomial is shown below. s3 1 A27 s2 A8 A6 s1 A27:75 0 sO A6 0 Because there is one sign change, we conclude that the system has one pole outside the unit circle and two poles inside the circle of the unit. The table returns no zero rows and as such, there is no jv pole. The system is unstable due to the pole outside the circle of the unit. Chapter 13 Solutions for Skill Assessment Exercises 49 50. E1SM 11/11/2010 9:29:31 Page 50 13.7 Defining G(s) as G1 in a cascade with zero-hold

orders, Gs8 P 1/420 1 AeATs AAsp38bsh p46Psp55p!1/4201 AeATs A A3=20sb 1=4 s p 43 b A 2=5 sp 58 b! : Take the result z-transform G zd P 1/4 20 1 A zZA1 AA 3=208 bz zA 1 p 1=40 bz z AeA4T A2=58 bz z AeA5T 1 1/43p52zA 1P zAeA4TA82z A 13 b z A eAST : Then for T 1/4 0:1 second, Kp 1/4 lim z!1 G z8 b 1/4 3, and Kv 1/4 1 Tlim z!1 z A 18 PG z8 b 1/4 0, and Ka 1/4 1 T2 lim z!1 z A 18 b2 G z3 b 1/4 0. Checking stability, we found that the system is stable for T 1/4 0:1 seconds, since Tz8 P 1/4 G z8 b 1 p G zd b 1/4 1:5z A 1:109 22 p
0:222z A 0:703 has a pole inside the unit circle at A0:957 and p 0:735. Again, checking stability, we found that the system is unstable for T 1/4 0:5 seconds, since Tz8 b 1/4 G z8 b 1 b G z3 b 1/4 3:02z A 0:6383 z2 b 2:802z A 0:6272 has poles inside and outside the unit circle at p0:208 and A3:01, respectively. 13.8 Images of root lobes superimposed above the 1/4 0:5 z curve shown below. Looking along the 54:3 line, which intersects with the root lox and the z curve 1/4 0:5, we found the point 0:587ff54:3 1/4 0:348 b j 0:4688 b and K 1/4 0:31. -3 -2.5 -2 -1.5-1-0.50
051152-1.5-1-0.500.51 1.5 Axis Real ImagAxis z-Plane Root Locus 54.3° (0.348 + j0.468) K = 0.31 Let Ge sd b 1/4 G s0 bGc s6 b 1/4 100K s s p 368 b sp 1000 b 2:38 s p 25:30 b s b 60:3 20 b 1/4 342720 s p 25:30 b s p 368 P sp 1008 b s p 60:20 b : 50 Solutions for Skill Assessment Exercises 51. ELISM 11/11/2010 9:29:31 Page 51 The following shows the frequency response of Ge jvd b. Frequency (rad/sec) Phase(deg); Size (dB) Bode Diagram —60—-40-20 20 20 40 10-1 100 101 102 103-250-200-150-100 We found that the zero frequency of dB, vFM,
for Ge jvd b was 39 rad/s. Using the Astrom guidelines the value of T should be in the range, 0:15 = vFM 1/ 4 0: 0038 seconds to 0:5 = vFM 1/ 4 0: 0128 seconds. Let's use T 1/4 0:001 seconds. Now find the Tustin transformation for the compensator. Substitutions s 1/42 z A18 b Tz A 18 b to Gc s8 b 1/4 2:38 sp 25:38 b s b 60:28 b with T 1/4 0:001 second yields Gc z8 b 1/4 23z A A 0:9758 b z A 0:94168 b : 13.10 Gc z8 b 1/4 X z8 b E z8 b 1/4 189922 A 3761z b 1861 z2 A 1:908z p 0:9075 . Cross-type and get z2 A 1:908zp A 0:9075X z3 b 1/4 189922 A 3761zp
1861 A A E z3 b. Solve for the highest strength z operating at output, X(z), and get z2 X z3 b 1/4 1899z2 A 3761z b 1861 A A E z8 b A A1:908z b 0:90758 bX z8 b. Solving for X(z) on the left side results in Chapter 13 Solutions for Skill Assessment Exercises 51 52. ELSM 11/11/2010 9:29:31 Page 52 X z3 b 1/4 1899 A 3761zA1 b 1861zA2 A A E z3 PA A1:908zA1 p 0:9075zA2 A A X z3 b. Finally, we apply this last equation with the following flow chart: e*(t) x*(t) e*(t-0.1) x*(t-0.1) x*(t-0.2)e*(t-0.2) Delay 0.1 sec1899 —3761 1861 0.9075 —1.9.08 + + + + — Delay 0.1
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address the environmental, social, economic and ethical challenges we face in our business. Among the issues we address are carbon impact, paper specification and procurement, ethical conduct in our business and among our vendors, as well as community and charitable support. For more information, please visit our website: www.wiley.com/go/citizenship. No part of this publication may be reproduced, stored in a retrieval system or transmitted in any form or in any way, electronic, mechanical, photocopier recording, scanning or otherwise, except permitted under
Section 107 or 108 of the United States 1976 1976 Act, without prior written permission from the Issuer or authorization through payment of the appropriate cost per copy to the Copyright Permit Center, 222 Rosewood Drive, Danvers, MA 01923, (978) 750-8400, fax (978) 646-8600. Requests to the Issuer for permission must be addressed to the Department of Permits, John Wiley Sons, Inc., 111 River Street, Hoboken, NJ 07030-5774, (201) 748-6011, fax (201) 748-6008 or online at . Evaluation copies are given to qualified academics and professionals only for review
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