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INTRODUCTION

In an effort to provide continued value to it’'s customers, Hewlett-Packard is introducing a unique service for

the HP fully programmable calculator user. This service is designed to save you time and programming effort.

As users are aware, Programmable Calculators are capable of delivering tremendous problem solving potential in

terms of power and flexibility, but the real genie in the bottle is program solutions. HP’s introduction of the first

handheld programmable calculator in 1974 immediately led to a request for program solutions — hence the begin-

ning of the HP-65 Users’ Library. In order to save HP calculator customers time, users wrote their own programs

and sent them to the Library for the benefit of other program users. In a short period of time over 5,000 programs

were accepted and made available. This overwhelming response indicated the value of the program library and a

Users’ Library was then established for the HP-67,/97 users.

To extend the value of the Users’ Library, Hewlett-Packard is introducing a unique service—a service designed

to save you time and money. The Users’ Library has collected the best programs in the most popular categories from

the HP-67/97 and HP-65 Libraries. These programs have been packaged into a series of low-cost books, resulting
in substantial savings for our valued HP-67/97 users.

We feel this new software service will extend the capabilities of our programmable calculators and provide a

great benefit to our HP-67/97 users.

A WORD ABOUT PROGRAM USAGE

Each program contained herein is reproduced on the standard forms used by the Users’ Library. Magnetic
cards are not included. The Program Description | page gives a basic description of the program. The Program

Description |l page provides a sample problem and the keystrokes used to solve it. The User Instructions page

contains a description of the keystrokes used to solve problems in general and the options which are available to

the user. The Program Listing | and Program Listing Il pages list the program steps necessary to operate the calcu-

lator. The comments, listed next to the steps, describe the reason for a step or group of steps. Other pertinent

information about data register contents, uses of labels and flags and the initial calculator status mode is also found

on these pages. Following the directions in your HP-67 or HP-97 Owners’ Handbook and Programming Guide,

“Loading a Program” (page 134, HP-67; page 119, HP-97), key in the program from the Program Listing | and

Program Listing Il pages. A number at the top of the Program Listing indicates on which calculator the program

was written (HP-67 or HP-97). If the calculator indicated differs from the calculator you will be using, consult

Appendix E of your Owner’s Handbook for the corresponding keycodes and keystrokes converting HP-67 to HP-97

keycodes and vice versa. No program conversion is necessary. The HP-67 and HP-97 are totally compatible, but

some differences do occur in the keycodes used to represent some of the functions.

A program loaded into the HP-67 or HP-97 is not permanent—once the calculator is turned off, the program

will not be retained. You can, however, permanently save any program by recording it on a blank magnetic card,

several of which were provided in the Standard Pac that was shipped with your calculator. Consult your Owner’s

Handbock for full instructions. A few points to remember:

The Set Status section indicates the status of flags, angular mode, and display setting. After keying in your

program, review the status section and set the conditions as indicated before using or permanently re-
cording the program.

REMEMBER! To save the program permanently, clip the corners of the magnetic card once you have

recorded the program. This simple step will protect the magnetic card and keep the program from being

inadvertently erased.

As a part of HP’s continuing effort to provide value to our customers, we hope you will enjoy our newest concept.
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N
(p,og,am Title Frequency Response of a Transfer Function

Contributor's Name  Hewlett-Packard

Address 1000 N.E. Circle Blvd.

City Corvallis State Oregon Zip Code 97330
\_ J

f . )
Program Description, Equations, Variables FOr transfer function of the form:

G (S) = NK] (125+1) s
ChS 3(T4S+'I)(T5S+])(a-;+ o + 1)

The program computes/ G(jw), |G(jw| and Tog |G(jw)]

for any input frequency w.

/G(jw) is displayed upon completion of the calculation.

|G(jw)| is stored in the stack (z and T) and in Register 8

Log|G(jw)| is stored in the stack (y) and in register 9

Parameters Ky,t2,N3.74,7T5,25 and wy are stored in registers 1,2,3,4,5,6 and 7

respectively.

Operating Limits and Warnings

For type 0 systems enter N3=0

72,74 and/or t5 can be entered as 0.If there is no quadratic term enter zg as 0

and wy very large compared to %—. Where Tg is the smallest (other than zero)

first order term used.

\ y,

7

This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.

\_ _J  
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Sketch(es)
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a . . . . )
Sample Problem(s)  Find _/__G(JUJ): lG(Jw” and 109|G(Jw)] for

12 (s+.6) _ .2(1.675 + 1)
SSFI(Z6s 36) () (52 #2558 o)

G(s) =  

For input frequencies of w=.01,.1,1.0 and 10 rad/sec.

 

K] = .2

T, = 1.67

N3 = ]

Tg = 1

Tp = 0

Lg = .5

Wy = 6

Solution(s)

w(rad/sec) /. G(jw)degrees |G(jw) | Log|G(jw) |

.01 -89.71 20.00 1.30 (26.02dB)

. -87.18 2.02 .30 (6.10dB)

1.0 -85.64 .28 -.55 (-11.09dB)

10.0 -224.56 .01 -1.86 (-37.29dB)

\—
 

 

 

Reference(s) Automatic Control Engineering, F.H. Raven, McGraw-Hill, N.Y., 1968

This program is a translation of the HP-65 Users' Library program #00834A

submitted by Eugene Bahniuk.     



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

function enter w when 8.00 is displayed (if 

only one parameter was changed first enter RB) 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

T, ; o 3User Instruections

FREQUENCY RESPONSE

STEP INSTRUCTIONS DA;"X?S?IITS KEYS ole:\T/S:ITTs
1. Enter program L]

L
2. Initialize LAl ] 1.00

10]
3. Enter the gain k [R/STI] [2.00 7.00

Enter T, when 2.00 is displayed To, Ni | R/SI | |2.00~7.00
Repeat parameter entries in order N3,T4,T5, Ty Te, Cfi [ | l N
e and w, wy | | | |

I R
4. When 8.00 is displayed enter the frequency w | R/S | [, | 8.00

(rad/sec) | |

]
5. Upon completion of the calculations /G(jw) | | |/6(dw)

will be display : H }

6. Amplitude ratio |G(jw)| is stored in the [ | |
stack (z and T) and in register 8 | | | |

To find |G(jw)| REC 8 [RCL T 8 | |6(jw)]
I .

7. Log|G(jw)| is in stacky and in register 9 [RCL || 9 | JLog|G(jw)]
To calculate decibels - REC 9, enter 20 and ( || |

multiply | | |

]
8. For another frequency | B || | 8.00

.
9. Enter the next frequency W |R/S | | | /6(jw)

I
10.] To change transfer function parameters enter |[Kj,t,,N; | A || | [1.00 thru

all parameters or if only one parameter is to t,Tgw4 |R/S || | 7.00

be changed enter the changed parameter(s) in o | | |

the proper register(s) For 1, in register 4 | II I

and so on. ? ( | |

[ N
11. For frequency response of the new transfer W IR/S || | 8.00

I
.
| | | |
]
| ]      
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STEP  KEY ENTRY  KEY CODE COMMENTS STEP KEY ENTRY  KEY CODE COMMENTS
BE1  ¥LBLA 21 1 g57 RCLZ 36 A3
Rz ! ai as¢ g a9
ges  STol IS 46 859 a ag
Bes  aLEL =i 82 start of parameter 86a x -35
gas  Fill 3 45 entry display 1.00 Bé1 + -33
ege RS o and stop for entry 262 CHS -22

gee  ISZI 1€ 26 4€ 1 1 864 RCL® 36 88
pee  RCLI I€ 4€ Disply 2.00 and BES X -35
Y g og stop for entry of Ty 966 RCLI 6 A1
611 X2 16-34 etc. 8tsy X -35

g1z E70% 22 &g 858 RCL! 36 el

813 Rg{.& 8 Ccompute / G(jw), 863 3F 4
Gf; *Lq}‘éf }f. é;, / G(jw) and 1og|G(jw) g;? f"“ 1°_§i Tg?1Z§Tsww1th

1€ RCLE 35 @6 a7z sT08 35 08 J
817 RCL7  I€ @7 873 ENTt -21 :

e1g = -24 ) ovi Loz 1622 Stores 109 |G(jw)]
A18 2 2 Lo 206w 675 ST08 35 89

. This is /w828 x -35 7 7 R 16-31 :
821 RCL8 6 a8 Sgfi R4 16-3;  Computes/G(jw)
822 X -39 eré + -5

8z3 i a1 879  RTN 24
624 RCLE 35 @S 8s8 RS 51
8zs PCLT 3t 67
826 - -24 )
a7 EKT? -E1 Results in 1-% Lo
gz X -35
a-a - -45
a8zt +P 34

a3l Xy -41

a32 FROLS & 85

833 FCLE 26 82
A3¢  x -35 090
a3s 1 a1
aie +F 24
az7 d -3

B¢ + -95

839 i -31
a4 X =35
A41 Ft i6-31

242 RCL4 J& 84

847 RCLE 36 88
844 -35 1
245 ] a1
a4c +F 34

as7? Rt 15-31

84¢& X -35
ggg +-. :éi SET STATUS

gs! Rkt 16-31 FLAGS TRIG DISP
- ' 0 TS @G ON OFF

gi‘; ng- 2 g§ 0o O DEG FIX &
o < : 110 1 0 ®| GRAD O sci O
a4 ™ 31 2 0O RAD O ENG O
655 X -35 3 0 & n_2

ese A% 41 REGISTERS _ —
1 2 3 4 5 6 7 w

° Ky T N3 T Ts C6 9 le(iw)] 16(i)
SO S1 S2 S3 S4 S5 S6 S7 S8 S9

A B C D 1

       
 



Program Deseription 1
 
 ("~ )
Program Title BODE OF TRANSFER FUNCTION THAT HAS EACH POLE AND ZERO GIVEN

Contributor’s Name Hewlett-Packard Company

Address 1000 N.E. Circle Boulevard

 
 

 
 

 

 

 
 

 

 

 
 

   

city Corvallis State Oregon Zip Code 97330 v
L J

N

Program Description, Equations, Variables

Given a laplace transfer function:

(stz1+s5z1") (stzotizy') -« (stzytizn')F(s) = K 17321 27342 NtiZN

(S+P1+jP]_')(S+p2+jp2') "-(s+zM+sz')

F(jw) = Magnitude /O ———y — —
T (21) 2429 ) 2422 -+ +(zy"+w)

where magnitue = |K|Y (z1'+w) 2§ V(z)'+w) 22 (zy'+w) "tz

V(p1"+w) *+p{ “/(Pz"*'w)z‘*‘P?Q e (PM'+w)2+P§1

! 1

and 0 = Tan~! fl__";u_) + Tan~1 5_2_'_2 + +¢. 4+ Tan—! M"_
z1 z9 zZN

-1 P1'+ —, Pp'4 "+ K|-K
—-Tan~1 le +Tanlp2 w + °“+Tan—1£M——w +2-|-——-|—-—Tan‘11

P2 PM K

also decibels = 20 logjp magnitude

N.B. zeroj = —(zi+jzi')

polej = -(pjtypi")

Operating Limits and Warnings

K must be real and non-zero but may be negative.

About 4 seconds of computing time is required for each pole and each zero,

whereas 00361A takes half as long.

\_ _J

( )

This program has been verified only with respect to the numerical example given in Program Description /. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.  
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Sketch(es)
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Sample Problem(s)

Find gain ( in decibels and volts/volt) and phase shift in degrees

 

 

 

 

 

For F(s) = 0.09091-E;t—9%§29 at 3333 Hz.
s+ 5717

Solution(s)

3333 [A] - 0.

62890 [+] O [B] -~ 1.

5717 [+] 0 [C] =~ -1.

.09091 [R/S] +> =1.

[D] -—11.1 Decibels

[R/S] > 2.77590 (107!) Volts/vVolt

[E] +-56.3 Degrees

\_

(
Reference (s) HP-65 Program 00361A

This program is a translation of the HP-65 Users' Library Program

#02582A submitted by E. P. Sansing.     



User Instruetions ’

‘1 BODE, EACH POLE AND ZERO GIVEN
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§fi hz/rps zi, 21" Pis> Pi'

STEP INSTRUCTIONS DATAIUNITS KEYS DATAONITS

1 Enter program card [:::] E:;::

2 (Optional) For dB = 10log;, Magnitude: L]
Switch to run [cto|| D |

Switch to w/prgm SST [SST| 31

[sst |[| o2
| £ ||[DEL| 062 1632

1 Il o
Switch to run [ _7][ 7 |

3 (Optional) For phase angle not in degrees: | | |

a. for 6 in grads | £ ||GRD |

b. for © in radians £ |[cRD |
4 Key in frequency ]

a. 1in Hertz or Hz | A]| | 0.

b. in radians/second rps | A |lr/s | 1.

5 Key in z;, z35 [ t II ]

Key in zi' zj' | B || | i.

6 Repeat step 5 for each i ¢ N | | |

7 Key in pj Pi [+ 1] |
Key in pj pi' [ Il | -

8 Repeat step 7 for each i ¢ M [ ]| |

9 (Optional) key in k, otherwise the program [ | |

will default to k = + 1 k | | |

10 Display decibels | D || ] db

11 Display magnitude |R/S || | unitless

12 Display phase angle | E || | depends o 3

L
For each new frequency, repeat steps 4 [ | |

through 12. I .
I B .
I N .
]
L]
I B .
.
]
]
I
.
1]     
 



97 Program Listing 1
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

68,‘: *LBLA <! 1{ Frequency input ez Xey 41
ga2  CLRE 1€6-52 Subroutine asg 3F 34

@63 STOE 35 8¢ gse  CT0@ 22 @8
aa4 2 a2 Convert Hertz to 866 %LBLD 21 14 Subroutine to
a6s ¥ =25 routine/second 851 RCLI 6 a1 compute decibels 1

a6 Fi 16-24 862 LOG 16 32
aav X -39 83 2
ege  ST10% 35 89 Store rads/sec k 864 ¢ ae
aas 1 a! will default to 1 Bes X -25
gie  ST01 33 a1 unless step 9 used 866 DSP! -62 81
a1 RCLZ 36 82 acs RS cy

812 FIZ -11 868 RCLI1 25 81 Display magnitude

@13 Dsré  -€3 &e #6e  DSPS  -53 @5
er4  RsS 2! Display 0. 876  SCI -12
815 RCLe 3€ 8¢ If input was 871 RTH 24
816 STOS 35 @85 rads/sec recall 872 xLBLE 21 15 Subroutine to call

817  RCL! 3¢ a1 input store rads/ A7z RCLZ J& 82 phase angle
81e  RTH 24 sec display 1. @74 DSPI  -€3 81
@12 »LBLE 2i 12 Subroutine for 673 FIX -1

Bz8  RCL3 Je @3 zero inputs 876 RTN 24
Ggi +1 gi Increment N counter a7 T4 a1

8z2  sT03 35 83
24 5707 35 &7
a2s ki -31
A26¢ RCLS Jjo 85
27 + -5

62¢ ¥V -41
e29 P 34
eie G706 22 86
831 =xLBLC 21 13 Subroutine for pole

832 RCL4 36 84 inputs
a:z 1 al Decrement -M pole
834 - -45 inputs 090

83c  STG4 35 a4
8¢ 5107 35 &7
A3v7 R -31
838 RCLS 36 85
639 + -39
844 CHS -22
841 Ky -41
842 3P 34
843 18 a2
844 xLBLA 21 ee Subroutine to 100
845 STx1 35-35 a1 update magnitude

a4¢ Ri =21 and angle
647 RCL2 & 82
848 + -a5
843 1 e1
ase IR 44 1 SET STATUS

851 3F 34 FLAGS TRIG DISP

asz Ri -31 ON OFF
85z SsTo- 35 a2 o O ¥ DEG FIX K

. 2 O &| RAD O ENG O
£33 k& 51 3 0 n2

ase @ ae REGISTERS

0 magnitudg2phase S zero 4 pole |5radians |6 first |7  1as 8 9
M ang. 0O counts counts per input, quate

i <N -i > -M second [requency (N or -M)

SO S1 S2 S3 S4 S5 Sé S7 58 S9
A B C D E I

         
        



Program Description |
Program Title BODE OF SECOND-ORDER OVER THIRD-ORDER TRANSFER FUNCTION

 

Contributor’'s Name Hewlett-Packard Company

Address 1000 N.E. Circle Boulevard

City Corvallis State Oresgon Zip Code 97330 y
\_
 

 
 

Program Description, Equations, Variables

Qs3 + Gs2 + Hs + K
F(s) =

Rs" + Ls3 + Ms?2 + Ns + P
 

where Q and R are options, limited to [-1, 0, +1]

G, H, L, L, M, N, and P may assume any real value

 

—\/(K—Gooz)2 + (Hw—sz)T

v(P-Mu2+Rw*)2 + (Nw-Lw3)2'
 magnitude | =
 

where w=271F

Decibels = 20 logjg |magnitude]|

-0y 3 3
an—l Hfl) Qw - Tan—l N(U—Lw

Phase = T > -
K-Gw P-Mw2+Re"

in degrees (unless angular mode is set to radians or grads).

 

Operating Limits and Warnings Frequency, F, can not equal zero. Coefficient of s3

in numerator is -1, 0, or+l. Coefficient of s" in denominator is -1, 0, or +1.

Display of phase will be between -180° and +180° (-7 and +m radians or

-200 and +200 grads).

\.

.  
 

This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses
this program material AT HIS OWN RISK,in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.

_ y    
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Program Deseription 11
 
 

Sketch(es)

\
 

 
 (

Sample Problem(s)

Find gain (in decibels and volts/volt) and phase shift in degrees

8s3-1

3s3+8

Option 3 (see page 4) is required but the coefficient of s3 in the
numerator can be only -1, 0, or +1.

 For F(s) = at DC and f=0.1 Hz

s3-0.125
Rewritten, F(s) = ————-

0.375s°+1

G=.0 H= 0

k=-0.125 L= 0.375

M= 0 N= 0

p=1 £f=10"50 (zero is not allowed) and 0.1

 

Solution(s) SWitch to Run: [GTO] 1 Switch to w/prgm: [g][DEL][RCL] 8[-]

  
 

 

 

#02272A submitted by Edward P. Sansing.  
Switch to Run: O[+] O[*+] .125[CHS][A] ~ 0.00

3751 0[*]1] 0[] 1([B] ~ 0.38

[EEX] 50 [CHS][D] =~ Gain = - 18.06 db

[R/S] > F =0 Hz Gain = 0.13 volts/volt

[E] -> Phase = 180.00 degrees

.1 [D] -~ Gain = - 11.16 db

[R/S] =~ F = 0.1 Hz Gain = 0.28 volts/volt

L [E] -~ Phase = -111.43 degrees

-

Reference(s) This program is a translation of the HP-65 Users' Library Program

 

  



User Instruetions 1

  
    1 BODE OF (Gs2+Hs+K)/SN(Ls24Ms+Ns+P) z}
  

      denom gain

 

 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 

STEP INSTRUCTIONS bA'Thml,’;,-rs KEYS DAOTlZS:;rTS

1 Enter program [:::] F___W

2 Exercise option(s) if desired (see page 4) [] |

3 Select angular mode if grads or radians B o

are to be computed

4 Input numerator coefficients G i,: G

H + H

K A G

5 Input denominator coefficients L 4 L

M O M
N A N

P B L

6 Key in first frequency f (or w) D gain/DB

(Optional) R/S |Magnitudq|

7 Compute phase E 0

(Optional) R/S Onumer

g Odenom

RC 8 w/rad/sec  

 

(After a step 6 is done, it is not
 

 

necessary to do steps 1, 2, 3, 4, 5, nor 7

 

 

before another step 6 is done.)
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12 User Instruetions

  

   
   

  1 BODE OF (Gs24Hs+K)/ (Ls3+Ms2+Ns+P)

denom

 

 

 
 

 
 

 
 

 
 

 
 

 
 

  

 
 

 
 

  

  

 
 

  

  

  

 
 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

   

STEP INSTRUCTIONS DA;'h::llJJ:J-ITS KEYS DSTLZE:ITS

OPTIONS 0]

Any combination of the four may be used; [:i:] E:i:]

however, order of selection must be as follows L__;] [fi |

]
1 To use radians/second inputs instead of Hz. | ][~TA|

Switch to Run [GTQNJ[ D 7]

Switch to w/prgm ] | 2114

Perform 4 times [gSTW]( f | 35

pEL || ] 14
Switch to Run | B ][ I

T—
2 For db=10 x loglnlMagnitudel | | |

Instead of 20 x log10|Magnitude| [74“]| |

Switch to Run lgto || 2 |

Switch to w/prgm | | | } 2102

Single step 14 times |sST | | l 02

| £ |lpEL | 1632
1 . | 01

Switch to Run l ]I l

I
3 For s3+Gs2+Hs+K as numerator | || ]

Switch to Run lGTO ]I 1 |

Switch to w/prgm | £ ||DEL | -24

L]
|[RCL || 8 | |36 08

(For -s3, use +) [ [l = | -45

Switch to Run l ][ I

|
4 For s“+Ls3+Ms?+Ns+P as denominator [ | | {

Switch to Run GO || 2 |

Switch to w/prgm | £ ||[pEL | =24

| £ |[rsT X |16 -63
(For -s", use -) |+ -55

Switch to Run l |[ ]

]
]
| | |
]
I    
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13
STEP  KEY ENTRY  KEY CODE COMMENTS STEP  KEY ENTRY  KEY CODE COMMENTS

gg; *ggét ii é; Numerator ggi ESY :ij
S et T coefficients v : <

aez R -7] 859  ENT? -21
Bag  STG2 3o 8z gfcha LO6 16 32
aes Fi -31 el 2 2
aac  Z7Cd 35 81 62 a Ag
@az ETK 24 86z X -35
AB:  xlBLE 21 1z Denominatoxr | acq RsS 51
@es  S15G7 25 87 coefficients | fces N2y -41

Fi -21 | 86 RTN 24
g1 ETGE 35 8 @67 *LBLE 21 15 Compute Phase

a1z Fi =21 8ce Rt 16-31
a3 ST05 Z5 8% aee Ft 16-31
glq Ry -31 87€ RCLS Jo 63
g1 STO4 I ed A71 - -45
dlé KTH 24 Fe CHS =22

7 kLBLD 21 14 Convert degrees e’3 L&7X 16-63
é1e g az to radians 64 XY -41
Ri3 ¥ -35 a5 1 a1l
azt Fi 16-24 876 R 44

21 X -39 i +F 34
azz  €T0E 75 8¢ Compute |F(s) | 878 Rl -31
823 RCLZ 36 82 879 RS 51
624 FRCLS 36 g 888 R4 -3
625 z =24 ael RTN 24
B2t xLBLI 21 81 aez R-E a1
az7  RCLZ i6 @2

28  RCLE 36 88
26 oy 53
aze = -24

BZ1 RCL1 35 61

g7z - -45
RZ3 +F 34
B34 5T0S 35 @9 090
128 ¥ -31

@3¢ RCLé 35 8¢

ez? RCLE 36 @8
638 z -24
629 kCL4 26 84

A48 RCLB J6 &8
841 -75
B4z - -45
a4z RCLT J6 @7

p44  RCLE 36 88 100
g4c e 93
a4¢& z -24
Q47 x¥LBLC 21 82

648 RCLE 36 85

45 - s SET STATUS
as¢ RCLS 3¢ B9
£ Ri -31 FLAGS TRIG DISP

oz F 3 oD K| oec m Ax gas3 Fi -31 110 1 0 K GRAD O sci O
g4 Fi -31 2 O X RAD O ENG O
@ss  STO9 75 89 3 0 f n2
ax R -3l REGISTERS

0 1 2 3 4 5 6 7 8 9

SO S1 S2 S3 S4 S5 S6 S7 S8 S9

A C D !
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Program Desecription |
 

 

 
 

 

 

 

 

 

 

 

~N

rp,ogram Title BODE OF 2ND - OVER 2ND - ORDER TIMES S**N TRANSFER FUNCTION

Contributor’'s Name  Hewlett—-Packard Company

City Corvallis State Oregon Zip Code 97330
\

—

Program Description, Equations, Variables

Qs3+Gsz+Hs+K
F =

(8) SN(Rs3+1.524Ms+P)

where: Q and R are options, limited to [-1, O, +1]

G, H, K, L, M, and P may assume any real value

N is a non-negative integer [0, 1, 2, ...]

K-Gu?) 2+ (Hw-Quw3)2
|Magnitude| = '\/( (HuQ \

N/(P-Lw2)2+ (Mw-R3)2

where: w = 2nF

Decibels = 20 loglOIMagnitude[

_; Hu-Qu3 | Mu—Ruw3
Phase = Tan ——— - N sin™! 1.0 - Tan~ T

K—Gw2 P-Lw

in degrees (unless angular mode is set to radians or grads).

Operating Limits and Warnings Frequency, F, can not equal zero. Power, N, is a

non-negative integer. Coefficient of s3 in numerator or denominator

is -1, 0, or +1 display of phase will be between -180° and +180°

(-m and +m radians or -200 and +200 grads).

. J
 
 

   upon any representation or description concerning the program material.

MATERIAL. This program has been verified only with respect to the numerical example given in Program Description /. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM  _/
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Sketch(es)

 

 

 

 -

Sample Problem(s)

Find gain (in decibels and volts/volt) and phase shift in degrees

8s3 - 1
For F(s) =

>,

5

..

at F=0.1 Hz and 1.0 Hz
s<(s4=2)

Option 3 (see page 4) is required but the coefficient of s3 can be
only -1, 0, or +1

s3 - 0.125
Rewritten, F(s) = —m8M8M8—

s2(0.125s2-0.25)

So G= 0 H=0

K = -0.125 N =2

L = 0.125 M=0

P = -0.25 F=0.1 and 1.0

 

Solution(s) Switch to Run: [GTO] 1  Switch to w/prgm: [g][DEL][g][DEL][RCL]8[FY [][-]

 

 

 

 

Switch to Run: O [+] O [*+] .125 [CHS][A] -~ 0.00

2 ] .125 [+] O [*+] .25 [CHS][B] ~ 2.00

.1 [D] ~ Gain = 7.42 db

[R/S] ~ F = 0.1 Hz Gain =  2.35 volts/volt

[E] -~ Phase =-116.74 degrees

1 [D] ~ Gain = 1.67 db

[R/S] -~ F =1.0 Hz Gain = 1.21 volts/volt

L [E] -~ Phase = -90.03 degrees

s

Reference(s) This program is a translation of the HP-65 Users' Library Program

#02273A submitted by Edward P. Sansing.     



18 User Instruetions

BODE OF (G82+HS+k)/SN(LSZ+MS+P)

GAIN

INPUT OUTPUT
INSTRUCTIONS DATA/UNITS DATA/UNITS

Enter program

Exercise option(s)

If desired (see e 4).

) |
|

|

|
|

3

Select angular mode if grads or radians are

Input numerator coefficients

and coefficients

(Optional)

Compute phase

(Optional) /
M
/
T
/
M

|
|

|
|

|
|

{
|

1
|

|
|

[
|

|
i

|
|

|
|

|
|

|
o

to do steps 1,2,3,4,5, nor 7 before another

step 6 is done.

]

]
|
|

|
N
|

]
b

1
N

|
|
]

|
|
]

|
]

]
|
]

]
]

|
|
|
|
|
|
|
|
|

[
|

|
|

|
1

|
|1

|
|

[
|

i
I

|
|

|
|

‘
|

|
|
|

|
|

|
|

i
|

|
|

[
[

1
|

|
|

I
|

|

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

l* “4) l \ ot 3 \ 17SCr Instruetions

2 N 2
BODE OF (GS™+HS+K)/S (LS"4+MS+P)

GAIN

INPUT OUTPUT
STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS

OPTIONS :j E_I

Any combination of the four may be used; howeyer, [:::] [:::]

order of selection must be as follows: L;::J Lf*,fl

1.] To use radians/sec. inputs instead of Hz L _;;][7wrj

Switch to run (PIQJ l - D -

Switch to W/PRGM 00] |21 14

Perform 4 times ,:§§IJ[;;§fiJ 35

DEL|[ | 14
Switch to run r,4;J [5”;J

0
2.| For dB-10 x log,, Magnitude [ 7 ][,fi_ J

Instead of 20 x 1og10 Magnitude [_*J [ ]

Switch to run LGTOH 1 J

Switeh to W/PRGM [,-,;,, I 23 01
Single step 16 times LfiSTJI;:,,] 02

| £ [l pEL] |16 32
1 L, | ”} [fi 7J 01

Switch to run [, ][f,;fJ

0
3.] For 83 + G82 + HS + k as numerator [ o ][ , ]

Switch to run { GIQ][ 71 J

Switch to W/PRGM | Rell 8 | 34 08

L/)
. [ 1%%] 53

(for =57, use +) ] =] _45

Switch to RUN L]

. ]
4. For S (S +LS“+MS+P) )]

As denominator switch to run LGTC][ l;WJ

Switch to W/PRGM [ ][,:;w] 23 02

[ reL|l 8 | 34 o8
fi 2| 53

(for -S°, use +) [ [ -| ~45

Switch to RUN L]
o
[ o ] L*ii,fi.J

)
L]      
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STEP KEY ENTRY  KEY CODE COMMENTS STEP  KEY ENTRY  KEY CODE COMMENTS
ae! «xLELA 21 11 57 FCLY I @9

gaz2  §TO7 35 E3 g5a Rd -3]

aa3 Ed =31 asa +F 34

eaqy ST02 25 @2 Store numerator asa Rt 16-21
8as F -3i coefficients P61 = -24

#ac  STG! 35 61 g5z Rd -31
ae’ RTH 24 #53 - -4

@88 xLPLE 21 1z A64 CHE -22
aes €147 35 87 855 4 16-71

618 K 21 866 ENTt -21
>THS 2 - ;-

gii DT;E “S_gf Store denominator 9%“ LUE 16 Jf Tota% phase
815 cT05 25 @5 coefficients & 86 = £ magnitude

< < 858 é ae
14 Ri -31 powetr . % -35
81z ST04 75 a4 271 R-C 51
eleé RTH 24 3T ¥y -41

617 xLBLG 21 14 Compute gain 72 RTH 2

f1€ < ez @74 xLBLE 21 15
e1s = B 875 R 16-31
gze Fe 16-24 These four 876 1 ai Compute phase

821 x -35 program steps e:7 3R 44
azz 5106 I3 &8 are deleted a7% +F 24

8:3 RCLe 3o @& for inputting avs -31
24 xiBLZ 21 8z radians/second age  RTK 24

825 RCL? 36 67 pg! R.AC 51
826 RCLS 3¢ 88
8z7 : -24
@28 RCLS 36 A5
828 RCLE 3¢ 8g
ese X -35
821 - -45
22 3F 34

f3z PCLE 36 a8
834 RCL4 & @4 090
a5 v 31

B3€ X -35 Denominator
R37 ! a1 magnitude

838 SIN- 16 41
835 RCL4 JE 84
a48 X -3%
a4! X -41
842 R{ -31
843 + -5
844 R* 16-31 100
843  ST09 35 @9
B46 R -31
847 KCL3 3¢ 63
648 RCLE 3¢ ag
a49 + -24 —
658  RCL! 3¢ 81 SET STATUS
as! RCLE Jo 88 FLAGS TRIG DISP

a5z X =35 ON OFF

& = =t | emm

|

2
A54 RCL2 36 @2 > 0 g RAD O ENG O]
855 «»xLELI 2i 81 3 O X n_2

8s¢ - ~4! REGISTERS w
0 1 2 3 4 5 6 7 8 9 DENOMg%cg%ff.ofGégoeffofHéioeff OIfc,scoeff gfpgwer o%,ggeff O%,gieff.og,§8eff RAD/SEC| MAGNIT

S0 St S2 S3 S4 S5 S6 S7 S8 S9

A B C D E I      
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Program Deseription |
—~

Pole-Zero to Group Delay )Program Title

 
 

Contributor’'s Name Hewlett-Packard

Address 1000 N.E. Circle Blvd.

 

 

 

 

 

City Corvallis state Oregon Zip Code 97330
\_ .

(" Qi . . . . ]
Program Description, Equations, Variables iven a transmission function in the S-Plane:

Vv . . .
0 _ _kls-(oz1 + j9,71)] [s-(ozp + jOz2)] - - - [s-(ozpn+ jOzn)]
E. [s-{opy + J9p1)] Us-(op2 + 3@p2)] - - - Ls-(opm + 30pm)]

in which poles & zeros are of the form: o + jQ

This program evaluates the expression for time response:

n Ok
= - h d =T = dpk kzl d,, where d —BIE:TE:EEYE for™

3

@ither poles or zeros. A negative quantity for T indicates delay so that for
positive values of time delay n m

Mm=-T=2d,-2d
217k TyPk

Group delay: GD = TD - TD0 where is the time delay at reference frequency Wy

As w0+0,TD ~insertion delay.
0

 

Operating Limits and Warnings

 

   This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.

\_ _/   
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Program Description 11
 
 

 

 

 

 

    
 

 

 
 

41 A w
Sketch(es) znia J Gi (NSERTIONV

Zfic;—————‘r DELAY | 3773

gt itPy x L0, y
FogK 5 03S l

Pe ¢ >} I | 7}" SE£C. 3

fi-X TP£X X-Cs 2

Iz NEGHT/VE) ; .
Zep 2t YoA &_0 o Iz NI TW

= D
Sample Problem(s

%

)

9 93 9

normalized group delay curve.

wy = 1 rad/sec has pole & zero coordinates as follows:

fi3 £ §
4 5

A 7 pole Caver - Chebyshev filter normalized to R = 19 and

2
-.78683 -.12406 -.3904 -.65874 1.16504 4.3544 .99847 2.0445 .60818 2.4903

Tabulate the group delay referred to w=.001 from w=.1 to w= 1.5 and generate a

 

 

 

   
   
 

 

 

Olson.  Handbook of Filter Synthesis - A. Zverev 1967 p. 149.

This program is a translation of the HP-65 program #04775A submitted by Charles R.

SOLUTION: Note that all zeros 1ie on the jQ axis resulting in no contribution to
delay. Register loading is shown below. Pole zero data is called up
with the following sequence written in step 2 of the instructions.
Results are tabulated below and graphed at top of page.

w w

Solution(s) In W. PRGM MODE: RAD/SEC TD/GD SEC RAD/SEC GD SEC

REGISTER: -P0 : .787 0C .001 TD=3.770 .8 1.544

R4=—o]=0.12406 -P]+ : RCL 4 RCL 5 CHS C . GD=0.015 .9 2.282

R5=Q1=1.16504 -P]_ : RCL 4 RCL 5 C .2 0.064 1.0 3.647

R6=-o3=0.3904 -P3+ : RCL 6 RCL 7 CHS C .3 0.150 1.1 6.663

R7=Q3=0.99847 -P3_ : RCL 6 RCL 7 C 4 0.281 1.2 7.220

R8=-05=0.65874 -P5+ : RCL 8 .608 CHS C .5 0.462 1.3 2.842

—P5_ : RCL 8 .608 C .6 0.708 1.4 0.390

TOTAL: 34 steps .7 1.052 1.5 -0.808
.

7

Reference(s) T 
  



 

    

      

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

T~ 2 l N ° e ~ 21User Instruetions

POLE-ZERO TO GROUP DELAY

W.PRGM.

optip 0721825

STEP INSTRUCTIONS DAITP.‘A?S;ITS KEYS D:)TLZS:ITS

1.] Enter program & initialize [o

I]
2.] Switch to W. PRGM mode. Enter 3 digit: .

a) real component of negative * of Ist pole 'OleAD/SEL E:f:j ;t::J 1
b) imag. comp. of neg. of 1st pole -0_,RAD/SE¢ C | REGISTERS

] -
c) repeat (a) & (b) for each pole B  J AND 183

d) real comp. of neg. of 1st zero -071RAD/SEL mf; STEPS

e) imag. comp. of neg of lst zero 'Qz!RAD/SEC D AVAIL .

3.] Record on auxil. card. switchtoRUN

4.1 Enter w for GD=0 ‘UORAD/SEC

5.] Calculate time delay at REF FREQ. B

6.| Enter w w RAD7gpc

/.| Calculate group delay A GD SEC

8.| Repeat (6) & (7) for each freq.

NOTES: * 1) Since poles & zeros often lie

in the left half plane, entering| negative 
vectors results in positive values saving 

many CHS steps. 

 

 

 

 

2) Any pole or zero with real comp.| equal

to zero may be omitted in step 2
2\ 1 e admtiae A Q amd AT b o
3)—Use registers 4=8andA=1to store—]

coordinates of critical poles & peroes

Use RCL ( ) in step 2 instead of] 3 

digit data and enter +. 

 

 

 

 

 

 

     _
e
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—
—

—
—
—
—
—
—
—
—
—
_

i
|

|
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e
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e
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e
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|
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|
1
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—
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.
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—
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—
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\
t
e
\

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    



97 Program Listing |
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

pa1  xLBLA 21 86
@82 RCLZ 3¢ a2
882  F!? 1¢ 23 @1
an4  GT03 27 a3 060
885 PRCL3 7€ 83
ae¢ - -45
ear  BR-S 51
888 ¥BLg 21 1}
pas  CF! 1f 22 81
aieg  ST01 75 81
611 a oa
@12 sr0Z 35 8z
g13  cTO@ 22 @@
814 »LPELB 2112 070
B15  SF1 1€ 21 61
616 ST 75 a1
817 a aa
g18  &T0? 35 @z
818 GT0@ 27 ae
26 ¥LBLC 21 12

821 PCLI 36 81
22 + -55
127 K3Y -41
24 3P 34 M 080

a25  LSTY 16-63
26 H2Y -41

827 xe 53
28 z -24

629 ST+2 35-55 @2 d_ subtracted from
838 ETN 24 P R
831 ¥LBLD 21 14
832 RCL! 76 a1
3z + -55

834 HEY -41 050
azs 3P 34
@36 LSTX 16-€3
7K -41

azg ¥e 3
29 z -2
o0 7z 354582 |z added to R2
84! RTHN 24
642 xLELZ 21 83
843  STO0Z 35 a3
844  P-S 51 100

050 SET STATUS

FLAGS TRIG DISP

ON OFF

o O IX® DEG X FIX K

110 1 0 GRAD O SClI O

2 0 K RAD 0O ENG_O
3 O n

REGISTERS '
0 1 2 3 4 5 6 7 8 9w TD TD Used

SO S1 S2 S3 S4 S5 S6 S7 S8 S9

A B C D I      
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Program Desecription |
 

 

- 3

Program Title l?own-l 7661 Pr (0N7INUOLCS Rarp pt&@é?é 77rg

Sys7Emt  STR/SILITy
Contributor’s Name _S/Qmes U. UNSEMA~S SR

Address 33726 Rmyorn R4

City LaFAye77& State (ALLE Zip Code 7Y5¥9]
_
 

 

 

 s :
Program Description, Equations, Variables Desicneo Ts Test 7THE LlocATion or Tk Roors 1

OF A CHARACTPRISTIC éaun-no.fl /N 71#5 R.
n+ ) DEPENDING ON Sys7€m

n“q.P +,...Gney +G ,OIS 5‘0@2 P A7 AHRo

/e, -
gg_owxg Test_Ffor PHP Roots: [Reperireo n+i Times'’ Cm =13,5‘,, ~aL
PP Roors

=

= (“Times R <o) iwf&;= /.uop

  

(pe—p'+d)
G2,4G d [q. :q,modz
G,xGad

 

WHERE . fi‘z (")JL'!

. Gl
fre e Q°:Q‘*~P

2°Qh

q Q: =qo*Q, ’“&‘hG“

'

¢

G [

“ ‘C‘“c‘z‘&
z G 

n

qM = Q"-.* Ql\ q'\

Operating Limits and Warnings s

l) Limtrpn En, CHLCULATOR REGIsSTERS 75 20+k0120éfl

2) PRoury 7Zest wak varrus Coors Aiouc INIREINAIZSy

ANIS 1Ry IMDICATE  INS7/7814s79 . SiHET Axis Swsm7hy
7o Crece Acruwe KLocAa/ny 6° Reers . R

 

\_ ' ",
 

 

 J

This program has been verified only with respect to the numerical example given in Program Description /. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.

\ _J/   
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Program I)(‘b(‘l’lpll()ll ll
 
rSkétchies)        

 

Aws Smn Wi 1RRCALCULATE EUURATIN z REELECT

—w d AN Aws TrAxscATIn oF 4,
’

X

 

   

 

      
   

 

  
mApg LIA

 sz Z= (Sfl)é,/ ) 4 CompLfi-)‘

LS-PLANE SUBISIUTI0H
2 -pLAnE

  
 (

Sample Problem(s)R

l) hes 5+23+34‘154‘( )?Epflesem R STRELE CornTinNuousS Tini1k SySTEm 7

@) Eurer pory. By pressms fe'. Tu Response 7s 7% LRSI1006
O key in e, (O, /u Repuse 7s 7w rFidspwg | KEY
N G, () erc e7¢ uwtic G (4) 15 Ern7emer '~ Pespusk

Te AASYWG y! Srore Pty .| By peesswg €d' (basres
Fepswmg S).

b)) Execure Routw Zesr By pressmi R Caicuinzore cicn Pruse

015/71,/4\/1;;/4 137 Coc Uump or [CourN /Qefafly: [, Z,-1, 12, 4 Aw~o

FLASH (or /7/2/~7 ) 7wx Numgere orF RHWF /30075s 2. UNSTHELE

2) IEEcmcuuQ-rE p ~ 9p *2‘3/3 «Y/p+20 7o PEfifer Ak HxCS SHIFT

or d=-1.5 (5Fe rpove 5/:49749)

Q) Ew7ER ploiy. As /M /7/26,6 Ys @
b) Mey -y =15 press C'. AT Eno o Caicuamion , PRing 647

NEW /uwm,;u 8, " pPT143pzprasp-/.5¢25

3) Dogs 294383+ .12°+.0528 4001 Represcur A 57t NSRETE Time Sys7em]

Q) Ewzer Poey. AS iNn [PRem €/ pner @

b) mAne Z = (5405-0) Sudiszuzion By \Qc', /@Egaa) CAN 131z Foump

B8, E' 7> Be: 1957574443 53« 56065345 s + 75U
) Execure [Louzw 7TEs7T By Pegssme A’ HAs s flflo/s tL//M/Z? (b

(K]Lcum‘fo/?' Luu,(, pflusfl A7 /- 4451, 4-4%¢,4.£78, 2- 77‘{"l O,/ 57"/),”/”‘

wiin O, v Tyr Pspiry, Tue '&/?HP ., STRBLE

 

 

 \ J

Reference(s) 1) - TAKAHASIC, M. CARINs , Aun D. Rusianoee | ContRoc flflmsw-w&cfiy]
Reamig, Mass., 1970

2) JuRy, E.T., 7/€oRy Ao _Lfjpmin7w Sk THE T TRANSoRn. MEIMD.,
Newtyork :  Lowey [9Y

       3) 3. WisemAw , Recuryior Alboriums For Rouzn Ze;; i Gz, <,' PDisceers Tima
\ TRANSRCTI045 O ASHE, IDSML 7o BrFi/7, ' _/
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Program Desecription |
  

 

(¢
)

Program Title CONVERT FREQUENCY RESPONSE, OPEN LOOP, CLOSED LOOP

Contributor’s Name Hewlett-Packard Company

Address 1000 N.E. Circle Boulevard

City Corvallis State Oregon Zip Code 97330 |

\_    
  f . )Program Description, Equations, Variables For a linear, unity feedback control system thisprogr

converts open loop frequency response data /G(jw) (or log|G(jw)| or

. C,. C,.
ZOlog|G(jw)|l) to closed loop data Lf%(jw) and Ijfi(jw) I (or logl—fi(jw)l or

or 20log —(jw) |)

 

 

R(Jw) t\ N 6 (50) C(Jw)

   
 
 

G(jw)L (5 =where n (Jw) 179G (3w)

This program also converts from closed loop data

 

 

. c .
_/_% (jw) and |g (Jw)|

. . C/ G (Jw) and |G (Jw)|. = ()

The relationship used is: g(Juw) = 1-€ (Gw) -e ! B ‘ =

 

Operating Limits and Warnings

A. When the input phase angle cosine (Z_—C (Jw)or / G(jw))is zero

(e.g. / -C(jw) = =90) the conversion i$ in inaccurate beyond the

6the decimal place.

B. When input is to be |G(jw)| or l—%(jw)l label C is used and

l-g(jw)l or IG(jw) is calculated. Similarly when the input is
log G(jw)l or log —R(jw)l then logl%(jw)l or loglG(jw) ’ . Similarly
when input is in decibels the result is decibels.

 
   This program has been verified only with respect to the numerical example given in Program Description II. User accepts and usesw

this program material AT HIS OWN RISK,in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.   _/
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 2
Sketch(es) C(iw) + G R(jw)

 

   
  

Systems having feedback elements can be converted to an equivalent unity

feedback system. See the reference for methods of determining equivalent

unity feedback systems.

L
 

 

 

 

fi

. 4
Sample Problem(s) For the system G(jw) =

Jo (T F 25500 (L + .06255w)
 

For w=.1l, 1 and 10 rad/sec /G(jw) and IG(jw)l are:

w /G (Gw) |G (Gw) |
rad/sec degrees

.1 - 91.79 39.99

1 -107.61 3.87

10 -190., 20 .13

Determine closed loop frequency response for w=.1l, 1, 10 rad/sec

 

 

 

 

 

Solution(s) For each frequency

W /S Gw) €Gw) |
§egrees

.1 - 1.43 1.00

1 - 14.96 1.05

10 -191.71 .15

\—

-

 

This program is a translation of the HP-65 Users' Library Program

#00892A submitted by Eugene Bahniuk.  Reference(s) Raven, F.H., Automatic Control Engineering, McGraw-Hill, New York.1968.    



 

    
    

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

v

% User Instruetions

FREQUENCY RESPONSE CONVERSION

en to Ciosed to Magn. Log Magn. DB

STEP INSTRUCTIONS DATAIUNITS KEYS DATAURITS

1 Enter Program [i::j [;;:]

2 To convert from open loop response to closed LEL.J E::;] 0.00

loop response L__;]

or L
To convert from closed loop response to | B B 0.00

open loop response ’ |

3 Enter open loop phase /G(jw) /G (Gw) [R/S 1.00

or degrees [

Enter closed loop phase Z%~ '1% (Gw) IR/S 1.00
degrees [

4 Enter open loop magnitude !G(jw)l | c _L%(jw)

or lrRer 2 _/_%Qu;)_

Enter open loop log magnitude 1og!G(jw)] IAD* jlo %{'w)

or [RcL 2 /R(Gw)

Enter open loop decibels 20log G () l E .EOLQngli@

or |RCL 2 / (Gw)

Enter closed loop magnitude yg(jw)| | ¢ |G (Gw) |

or - RcL 2 /G(Gw) |

Enter closed loop log magnitude 1oglg(jw) [ D logJG(jw)l

or |RCL /G (Gw)

Enter closed loop decibels ZOloq!éQjm)l‘ E ZOloglG(jw

/G (Gw)

For a new case go to step 2 l
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31
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

8@l sLBLA gl 11 Ind. that conv. 857 *LBL? 21 @2
f6:z ¢ ae from open to close a5¢ CF@ 16 22 @@

@87 STOE 35 @6 peePotReO Pe ese L0616 32
864 x[PLS 21 85 Enter phase a6a 2 a:
Bgas A aa | ec! a éa
feé R~S 51 862 -35

aer  STO4 3t 84 83 STO1 75 a1
a@s  RCLe 76 86 These steps determ. Bc4 R.-& 3l
aeq - -435  if vector add. or
ale ! a1 vecotr sub. is

ei! E-S 31 performed

B12 »LBLE 21 12 | For closed to open
a13 ! a1 . loop conv. Note:
814 8 88  vector sub. occurs|®°
815 2 e by reversing vecto
aic  ST0s i3 86 direction then
aiv  ET33 22 85 add resultin vecto
812 xlBLC 21 13

a19 837 -41

a2a ‘v -31

az1  ST05 25 85
g2z +R 44 Steps 22 through 34

az3 i al perform the
24 + -55 complex algebra 080
25 P 34

8z¢ RCLS 36 as
27 X2y -41
azg 3 -24
28  §7C1 35 81

a3a b -41

83! CHE =22

@z RCL4 36 a4

833 + -55

834 sT0: 35 82 090
g3is ¥ey -41

3¢ Fie 16 23 &1
ai7 €701 22 81

28 Fa? 15 23 @e

839  ET0:Z 22 8z
848 R<E 51 .
a4! kLB 21 14 Magnitudes are

042 165 16 32 logarithmic

843 SF1 16 21 @!

844  GTOC 22 13 100
845 «LBL! Zi 81
84¢ CF1 16 22 81
a47: LoE 16 32

848  STC! 35 a1
g R-E 51 . -

g;g *LELE 21 15 Indicates magnitude SET STATUS

as51 2 8z are decibels FLAGS TRIG DISP
asz a ea ON OFF

A o0 ®| DEG ® FIX K
853 : -24 110 1 O | GRADO

|

scI O
as4 i18x 16 32 > 0O RAD O ENG O

855  SFe 16 21 @@ 3 0 ® n2
as¢ E70C 22 12 REGISTERS

0 1 computed2computed|3 %ntered |SEnt.magn(6 0 / 8 9
magnitudq phase phase lGiJMan!C/B;4£8O

) St S2 S3 Sa 135 Ise S7 S8 S9

A B C D E I
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Program Deseription |
 
 r

Program Title AID TO ROOT LOCUS PLOTS I - REAL POLES

Contributor’'s Name Hewlett-Packard Company

Address 1000 N.E. Circle Boulevard

City Corvallis State OYegon Zip Code 97330

.
 

 

 -

Program Description, Equations, Variables Given the forward transfer function of unity

feedback system K(s+zq) (s+z5)

s (stp1) (s+pjy) (s+p3) (stpy)
KG (s) 

where s = ¢o+iw is the complex frequency variable and zp, z,, Py P2, P, and py

are real numbers, the program helps in finding the roots of 1 + KG(s) = 0, which

determine the poles of the closed-loop system. It follows that at any point in

the s-plane, which is a root of the above equation for some value of K,

G(o+iw) = X 180°,

Since the rules for approximate construction of root locus plots

are well-known [1,2], this program can be used to obtain the exact location of

the roots in certain regions of the s-plane. The user would select a value of

0, say 03 and assume a trial value for W, say ;. The program then determines

G‘1(01+iwl) = Ke1¢, and ¢ is displayed. If ¢ is not equal to 180°, a new trial

value of w = wy is obtained. The process is repeated until ¢ is as closed to

180° as desired. The equation for searching the correct value of W is

wy = Wy (4 - 6—2) » where ¢ is in degrees.

The convergence may be slow when ® approaches zero; in this case

the user may often extrapolate mentally to accelerate the convergence. Normally

4 to 8 iterations are sufficient.

The value of the gain constant K required for this location of the

root is obtained from y-register.

 

Operating Limits and Warnings The search equation is based on the assumption that Wy is

greater than zero. This is no limitation since the root locus is always

symmetrical about the real axis of the s-plane.

\
 

 
 

This program has been verified only with respect to the numerical example given in Program Description /. User accepts and uses
this program material AT HIS OWN RISK,in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.    
 



 

Program Deseription 11
33

 

 

  

 

  

 

 

 

 

  
  

 

 

    
   

  
               

 

    
 

 

 

 

 

  
 

 

   

i hg[}?im3. ] P | ! - f i | K_‘Qm_‘~‘ | | ;\!| Sketertes) | LL B ]: | : ! | i | : ‘ ' '
i ‘ i ? | ! ;
b . 4 | by i SR SS

} P L t &‘rT
L 4L ;

SR | | |

]! | o . ‘ P| L
_ | ! g

- —T
i | ! ’ -

\— S - —

- )(" _ K(s+1) (s+2)
Sample Problem(s) KG(s) =

s(s+3) (s+4) (s+5) (s+6)

It is desired to obtain the complex roots for ¢ = 0, ¢ = -1, and 0 = =-2.5

Solution(s) 1) For ¢ = 0, starting with w = 5, after 4 iterations ¢ = 180.01, for

w = 8.545, and K = 999.51

ii) For o = -1, starting w=6, after 4 iterations, ¢ = 179.99 for

w= 6.823 and K = 519.61

iii) For ¢ = -25, starting w = 4, after 5 iterations ¢ = 180.01, for

w = 4.35 and K = 140.52.

4 )

Refe,ence(sgl)D'Azzo, J.J., Honpis, C.H. "Linear Control System Analysis and Design",
McGraw-Hill Book Co. 3rd Edition. 1975. pp.202-242.

(Z)Evans, W.R. "Control-System Dynamics", McGraw-Hill Book Co. 1954.

This program is a translation of the HP-65 Users' Library Program

#04561A submitted by Naresh K. Sinha. 4J

\    
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—0IQ=A0oOQHF~8xOeA~Y

zefeef and o1 * wy

OUTPUT
DATA/UNITS

INPUT
DATA/UNITS

INSTRUCTIONS

ramEnter P1

180t steps 9 and 10 untilRe11

To obtain w at the root13

start from step 8of ot valiff

 



 

97
 

 

Program Listing |
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
 

 

 

 

 
 

 

      

 

 

 

        
 

35
STEP KEY ENTRY KEV ~ON COMMENTS

ag! slBle 21 !f b A COMMENTS
2 cCTNC T o v ™

o6z w1 | 6 RN
ms -c i L L

g4 ST0I A @l g 868 RCLT 36 67
gas R - A51 + -55
gac  froe S 86| py 852 RCLE 35 a8907 Ri -31 Bes  yao 41
gas 5705 mes |, 664 F 24

3 ! J

aas Ry -3l g8c3 w2y -4a1e  ST04 i 64 - b o -
811 Ri -31 aes . by
g1z s103 med p, aet o o
@13 RTk 2 P " e
814 #LELE 7117 oa  CHS -
g1  sToe 35 68 w : et

~ s P 1 871 Et 16-21

efe ¥ -4l 87> RIN 24
al7  STC 45 67 o1 873 RCL3 36 88
N Eee 2 g4 RS 51@19  RCLE I 66 ' ;
828 SSBE 23 15
121 RCLS 36 a5
27 GSRE 23 15
27 RCL4 7 84

824  GSPE 21 15 580
25 RCL3E 36 83
26 GSBE 23 15
@27  RCLZ 7% e2
28 GSED 23 14
26 ROLI 36 @l

@38 GSRD 27 14
ISRy -41

83z PTH > Dis
831 #lBLC 21 13 play ¢
834 £ 8¢ 090

s @ aa
B3¢ s -24
a7 4 64
A3e - 45
635 CHE -27
848 RCLF 36 88
641 . -5
@42 STOS 5 6
847  RCL7 26 87
844  RCLE 3 @5 Display w, 700
@45 RN 24
84¢ #LBLE 2115
@47  RCLT 36 87
48 s -55
p49  RCL8 36 82
gsa sV ~41 SET STATUS

a1 *F 34 FLAGS TRIG DISP
853 :"" “41 ON OFF

853 Ri -31 o 0O W DEG ® FX ®
854 5 -35 1o 1 0 X GRAD O sCl O

@ss Rd -31 2 E% B RAD 0| ENG O
as6 : -85 |

REGISTERS

0 1 2 3 4 5 6 7 8 9

il Z5 Py Po> P3 P4 gq w7 Used

SO S1 S2 S3 S4 S5 S6 S7 S8 S9

A C D 1
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Program Desecription |
 
 r

Program Title AID TO ROOT LOCUS PLOTS II - COMPLEX POLES )

Contributor’s Name Hewlett-Packard Company

Address 1000 N.E. Circle Boulevard

City Corvallis State Oregon Zip Code 97330

\_ v,
 
 

 

 

( )
Program Description, Equations, Variables Given the forward transfer function of a unity

feedback system
KG(s) = K(s+zl)(s+zl)

s(s+pl)(s+p2)(s¥a+i6)(s+a-i8)
 

where s = 0 +iw is the complex frequency variable, and zji, Zor P1/s Poy and

are real numbers, the program helps in finding the roots of 1 + KG(s) = O,
which determine the poles of the closed-loop system. It follows that at any

point in the s-plane, which is a root of the above equation for some value

of K, the argument of G(s) is equal to 180 degrees.

Since the rules for the construction of the approximate root

locus plot are well known, this program can be used to obtain the exact location

of the roots in critical regions of the s-plane. The user would select a value

of 0, say 0; and assume a trail value for w, say w;. The program then

determines the modules M, and the argument, ¢ of G~l(s) at this point, and the

argument ¢ is displayed. If ¢ # 180, a new trial value of = 2 is obtained

using the equation

wpy = wy (4-¢/180)

The process is repeated until ¢ is as close to 180 as desired. The convergence

may be slow when w approaches zero. In this case, the user may often extrapolate

mentally to accelerate convergence. Normally 4 to 8 iterations are sufficient.

 

Operating Limits and Warnings The search equation is based on the assumption that w is

positive. This is no limitation since the root-locus plot is always symmetrical

about the real-axis of the s-plane.

 
 

 
 N

This program has been verified only with respect to the numerical example given in Program Description II. User accepts and uses
this program material AT HIS OWN RISK,in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.

\ _/   
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Sample Problem(s) Consider

K

s (s+12+51) (s+12-51)

K(s+l) (st+2)

s(s+1l) (s+2) (s+12+51) (s+12-51KG (s)

The approximate sketch of the root locus is easily obtained following standard

rules (see referenas 1 or 2). It is shown above.

It is desired to obtain the exact locations of the roots for ¢ -1,

N

-2 and -4.

 

Solution(s) (1) For ¢ = -1, starting with w = 12, after 3 iterations the root is

11.14 with ¢ = 180.00 and K = 2750located at w

(2) For 0 = -2, starting with w

9.22 with ¢

10, after 3 iterations the root is

located at w = 1780.7180.01 and K

(3) For o -4, starting with w = 5.5, after 8 iterations the root is

located at w 5.00 with ¢ = 180.01 and K = 656.3   
 

    \_Reference(s) 1- Evans, W.R. "Control Systems Dynamics". McGraw-Hill Book Co., 1954.

2. D'Azzo, J.J. and Houpis, C.H., "Linear Control System Analysis and
Design". McGraw-Hill Book Co. 3rd Edition. 1975.

This program is a translation of the HP-65 Users' Library Program

#04562A submitted by Naresh K. Sinha.

\ _/  
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS %

88 xlBlLa 21 1 @s7 RCLE Jo 88

ae:  L5T02 35 EZ z, ass X -35

ARz o -4] a59 5708 35 B8

pas 5701 5 81 21 868 Civ 3¢ 87
ans Es& 51 861 RCLS 36 a8

Rer.  ET0s 25 88 B a6z RTH 24 Display wj
aarz Fi -3 @cZ xLBLD 2i 14

eee 5705 35 83 a €64 RCL7 35 @7
aes Eé -21 865 + -as8

818  ET04 25 @4 P 866 RCLS Je @8
a1l R -31 @67 SeY -41
12 o163 5 @3 Py BeR 3P 34

a1z FTN 24 868 Xy -41
@14 =xLEBLE 21 12 R7E Ri -31

e1s  cTas IS es o e71 = -24
él¢ ey -41 7e Ry -31
arz  ET07 s ev o1 73 - -45
818 RCLS Je es 874 CHE =22

a1s + -35 8’5 Rt 16-71

2@ HEY -41 B KTN 24

821 RilLe it 86 ;¢ *LBLE 21 15

ez2 + -53 are bed -41
23 RCLE J& @8 g9 +F 34
824 EKCLs 36 8e age XY -41

825 - -45 | ge! R4 -31
a2¢ Bt 16-31 | fa? X -35
az7 +F 34 ; 882 Ri =31
82s 74 -3! 5384 + -95
128 K¥ -31 85 Kt 16-21

@3 GSEE 23 13 BSE RTN 24

831 RCL4 36 a4 27 RS 51
a32 RCL? 3& &7

83z + -55
@34 FCLS 36 &8 0%0
@35 GSBE 27 15
836 RCLZ 3¢ a3
837 RCL7 36 &7

ais + -5

839 RCLE JE 68
848  ESBE 23 1S

841 RCL? 36 &7
a4z cLa Jo @&

645 GSBE 23 15
@44 RCLZ 36 @2 100
@45  GSED 23 14

646 RCL1 36 €1

@47  ESBU 23 14
648 (o -41

49  FTH a4 Display ¢ SET STATUS
458 ¥LBLC &1 13
a5 6 as FLAGS TRIG DISP

852 N a6 0 OS 055’: DEG K FIX X
853 < -24 110 1 0 K GRAD O SsCcl O
as4 4 a4 o O K RAD O ENG O

asc - -45 3 0 K n_2
ase  CHe &2 REGISTERS

0 1 2 3 4 5 6 7 8 9

2] ) Py Po o B w1 07 Used

S0 St S2 S3 S4 S5 S6 S7 S8 S9

A C o !
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Program Desecription 1
 
 

 
 

 
 

i
)

(pmg,amm,e Classical Control Gains

Contributor’'s Name Hewlett-Packard

Address 1000 N.E. Circle Blvd.

City Corvallis State  0regon Zip Code 97330

> )
N

Program Description, Equations, Variables This program computes the Ziegler-Nichols

recommended settings for P, PI, and PID control. Data is required from one

of two tests: the general control form is Gc=kc[1 + Tl§'+ TDs]

A| OPEN LOOP TEST - input step function, measure respofise, draw tangent at

point of maximum response slope, scale L & R.

 

       

 
 

__H N\

INPUT PLANT oUTPUT 7 TANGENT AT MAXIMUM
SLOPE

1.0

0TIME —

R= maximum slope

L= time intercept of maximum slopeline

Then for P control, k=VRL; PI control, k="¥RL, T.=3.3L;
for PID control, k_='*7RL, T,=2L, To=l/2

 

Operating Limits and Warnings

Note that plant must be greater than first order for open loop test

(s is Laplace operator)

 

 
 

This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.   _J/ 
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ProgramTitle Classical Control Gains

Contributor's Name Hewlett-Packard

Address 1000 N.E. Circle Blvd.

City Corvallis State Oregon Zip Code 97330
\_
 

 
 -

Program Description, Equations, Variables

B CLOSED LOOP TEST - Increase kC until plant is near instability (oscillating

output). Let the magnitude of kC at that point be called ku, and the period

of oscillation be called Pu'

 

 OUTPUT
INPUT K PLANT >

- TIME

  

     
 

  

Then for P control, let kC = .5ku

PI control, let kC = .45ku, T. = 0.83P
i u

PID control, let kC 0.6ku, Ti '5Pu’ T0 /8

. _ 1
General control form is = GC = kc[1 + TS + Tos]

 

Operating Limits and Warnings

Plant must be greater than second order for closed loop test.

 

   This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.  . _/ 
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r Sketch(es)
 
 

 INPUT E@T\I 6, PLANT OUTPUT

Final form of controlled plant

P controT+GC=kC; PI contro1->GC=kc[1 + T%EJ

PID control->G6=k[1 + 1/T1.s + Tys] 1

 

 
     

 

\_   
 

 ~

Sample Problem(s)

For the following open loop test data, compute the control coefficients for:

    
a.) P control

b.) PI control 1

c.) PID control

OUTPUT

(unit step input)
 

2. During a closed Toop P control test, the plant output became oscillatory with

kc=ku=10, the period of oscillations was 50 sec. Compute coefficients for:

a.) p control

b.) PI control

c.) PID control

 

Solution(s)

1. L=1, R=1/2

a.) kc=2

b.) kC=1.8, Ti=3'3

c.) kc=2‘4’ Ti=2'0’ T

2. ku=10, Pu=50

a.) kC=5

b.) kc=4'5’Ti=4]'5

c.) kc=6’ Ti=25’ T0=6.25

0=0. 5

\ 
 

 

 

Reference(s)

0GATA; Modern Control Engineering, Prentice-Hall.

This program is a translation of the HP-65 Users' Library program #04463A

submitted by Randy A. Coverstone.     
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CLASSICAL CONTROL GAINS

PI

INPUT OUTPUTINSTRUCTIONS DATA/UNITS DATA/UNITS

Enter program

F i

THEN L >

For Closed Loop Test Data:

INPUT k

9
oFor P Control, calculate k

For PI Control, calculate k

T T @2
|

~
N
O

For PID Control, calculate k

x
X

N
N

M
w
v

On
m

THEN T

For new case go to step 2

 

|
|
|-

(
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
l
|
|
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

a2l ¥LELE 2011 asz . -62
eaz  §Taz 75 @2 | Open loop test ase 8 asg
ARz ¥ -3 | data 853 3 83
884 1-¥ 5z @ace X -35

ees  &701 35 B A] STDE 5 Ag

gas  ST03 75 @3 @6z CLY -51
867 i -€2 aci  RIN 24
pas o a9 P64  LBLC 21 13 p
aa9 x -35 @sc  RCLI 36 a3 control
e1e S04 35 &4 866  RTN 24
g11  PRoL! 3¢ &! 857 ¥LBLD 21 14
12 : a; ass  RCL4 36 84 P1 control
13 . -2 @58 RS 51

a14 2 a8z 878 RCLé 36 8¢
a1s % -3i5 a71 RN 24
@16  §T0% mes @72 #LBLE 21 15
817 RCOL? 6 ez | B73  RCLS 26 a5 PID control
a1 2 2 874 RS 51
@12 X -1 | 875 RCL7 6 87
@2e ST 35 e | @7é RS 51
21 1 a; A?7  RCLS 35 8¢
22 . -6 @78  RTH 24
123 £ A€ e79 RS 51
324 5 s
225 x -35
26 ST0E I5 86
127 RCLY 3¢ a2
28 2 2
28 = -24

gie  cT0f 75 @8
871 CLY -51
@32 RTN 24
@73 wLPBLE 2112
834 STOZ < B2 3;2§Gd Toop test  [o
AIs5 } -3
R3¢ STOI 75 B
az7 2 az
3€ 3 -Z4

a39 702 35 837
a4a i 62
a4! g ac
g42 ¥ -5
@43  §T04 75 @4
844  RCL! 36 a1 100
a4s i -62
a4s 5 ac
847 -35

@42 5T0% 5 @5

g;’? RCLZ 3¢ @z SET STATUS
golt Z z

e85! = -24 FLAGS TRIG DISP

@5z STOT s a7 ON OFF
A53 4 84 o O ® DEG FIX XA

ac - -5 110 10 GRAD O

|

sci O
854 ; o4 2 O %W RAD O ENG, O
asc  8T0: a5 as 3 0 o n
ase RoL? 36 a: eGSTERS

0 tA-1/RL |2 A-L 3 4 ] 6 . | . |8 _ 9Bk . P-ko PI-kc [PID-k¢ PI-Ti PID-Ty PID-T,
S0 X 32 = S3 S4 S5 S6 S7 S8 S9

A B C D E I       
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( )
Program Title FIRST ORDER REGULATOR

Contributor’'s Name Hewlett-Packard Company

Address 1000 N.E. Circle Boulevard

City Corvallis State Oregon Zip Code 97330

\ J

)

Program Description, Equations, Variables Given a system;

%= 9% - ax + bu
dt

where X = system state

u = system control

a,b constant.

This program solves the regulator problem i.e. determines the
optimal feedback gain to minimize the following performance index:

performance index = J = 1/2 /§ (qx2+ru?)dt

thé solution is:

b . .y
u = -cX, where ¢ = — S and S is the positive solution to

r
the Riccati equation:

s2p?
0 = —2as + - q

Then: .
_

X = ax where a = a-bc

-t 1
and x = xge T where T = —

a

Operating Limits and Warnings

q=>0

r >0

b#0

- y

N

This program has been verified only with respect to the numerical example given in Program Description /. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.

. _J   
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Sketch(es)

a s X u

X = ax + bu J=1/2 13 )2 + (——)2] dtSample Problem(s) ’ o [(Xmax (umax ]

1 1
1. a=~-1 , b=1, q= ( Y2 =0 , r=( )2 =1

Xmax Umax

2. a= 1 , b=1, q=20 > r =1

3 a= 1 , b=1, q=1 s r =1

4 a= 1 , b= 2, q=3 s r =4

Solution(s) 1 c=0 ’ s =0 , a=-1 » T =1

2. ¢ =2 > s = 2 , a=-1 , T =1

3 c = 2.41 , s =2.41, a=-1.41, t = 0.707

4. c =1.5 , s=3.0 , a-=-2 , T =1/2

g

Reference(s) Shultz and Melsa, State Functions and Linear Control Systems,

McGraw-Hill, 1967.

This program is a translation of the HP-65 Users' Library Program

#04464A submitted by Randy A. Coverstone.

\—
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FIRST ORDER REGULATOR

q,T

  

INPUT OUTPUTINSTRUCTIONS DATA/UNITS DATA/UNITS

EEnter program i

Input a A
L

—
_
—
_
-

—
—
_
—
—
_
—
—
—
n
_
—
—
n
_
—
—
n
—
n
_
—
_
_
—
_
_
_
_
_
_
Y

—
)
—
—
—
—
—
—
—
—
—
—

then b |
i

k
‘

|
‘
o

—
s
e
e
e
e
e
e
—
)
)
—
—
—

—
—
—

—
—
—

—
—
—
—
—
—
—
)

e
t
e
e

Input q

then r

o

Calculate c

Z
q

o
l
o
Y

optional) then s

o
l

(Optional) Calculate 3

|
1

|
—
e
)

—
—
—
—
—
.
—
s
—
—
—
—

b
t
e
s
—
s
e
e
s
e
e
e
e
e
e
)
)
e

=
|

tional) Calculate T = - 1/3

To change and r go to step 3

For new case go to step 2

 

|
[
[
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
l
|
|
|
|
|
|
|
|
|
|
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STEP KEY FNTRY KEY CODE STEP KEY ENTRY KEY CODE COMMENTS

@a]  ¥LELA 21 11
@ez2 °TOZ 35 @2 b »R2
8az R4 -31
eaq  STOI 35 81 q> Rl 060

pas (LY -51
@95  RTN 24
887 *LBLE 21 12
828 STO04 5 84 r> R4
aasg Ri -31
a1@  ST03 35 83 q> R3
81! cLY -51
812  RIN 24
013 *LBLC 117
@14 RCLI 36 81 070
@15 PCLZ 3¢ 8z
81é z -24

817 Xz 53
818 RCLZ 3 63
f12  RCL4 36 84
828 z -24
821 + -55
82z T 54
823 RCL! 35 a1
824 RCL2 36 82 080
az2s z -24

82¢ + -55
3‘* RS 51 Calculate C

8ze  ROL4 35 a4
24 X -25

838 RCLZ 36 62
a7 z -24
232 PTN 24 C
a37 LELD 21 14
@34 RCLI 36 a1 090
azs ¥E 53
836 RCLZ 36 A2
837 vz 53
238 RCL3 36 83
aza x -35
#48  RCL4 36 04
641 z -24

842 + -55
6432 I 54
@44  CHS -2z 100
845 ™ 24 S
846 *LBLE 21 15
@47  GSRD 23 14
a4 1% 52 =

g;g g?; 'gj SET STATUS

a51 p-c g1 FLAGS TRIG DISP

0 DEG K FIX &

110 1 O GRAD O SCI O

2 O RAD O ENG O

3 O n2

REGISTERS

0 1 2 3 5 6 7 8 9

a b

SO S1 S2 S3 S5 S6 S7 S8 S9

A D 1
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 - )
Program Title SECOND ORDER REGULATOR

Contributor’s Name Hewlett-Packard Company

Address 1000 N.E. Circle Boulevard

City Corvallis State Oregon Zip Code 97330

\_
 

 

 

- )
Program Description, Equations, Variables Given a system and a quadratic performance index

as follows:

L = 9 r

X1 = ;211 212f X1} , ., O},
e !
X2 LaZl ano X2_ ;. b

-

1/2 S5 {Ix; %3] {qll di2f ¥l + 427} at
L q12 922 %2

J I

where: Xx;, X, are the system states

u is the control

J is the performance index to be minimized.

The optimal control is given by:

° — O

u = =Cj,X]-C2X2 and [x] = [A][x] [A] = [A]-[b]l[cy=cyl
1

where: cj = T (c1*+ajjcoH*) cy = % (a1ocr*)

-~/ 2" -/ B2
c1* = a; + a12+qli—- cp* = a, + a22+2cl*+q3r—

-2 912211 + q22a112
aj T 81,871 T 2131822 d1 < 9131

az = ajy + ax 93 = 422

 

Operating Limits and Warnings

d31r 9327 913 > 0 411*d3*td13 # O

r >0

 

   This program has been verified only with respect to the numerical example given in Program Description /. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.

\. v,   
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Sketch(es)

\
 

 

 

Sample Problem(s) y+0y+¢=u second order system

 

  
 
 

 

   McGraw=-Hill,

let Xl =

X2 =

e 1T 1 "ol =Ex1t 0 1 I1x Lot suppose ¢ = 2
so T —L j + [ u 5 = 3

szi -¢ =0 X9 *_ lJ

Find the optimal control that minimizes:

1. 3 =1/2 /5 (xp%+xp%+u?)at , i.e. qy; =1, 913 =0, qyp = 1, r

2. J=1/2 /5 (4x1%+u?)dat , i.e. gy =4, 92 =0, gy =0, r

3. J=1/2 fg u?dt - note that this case violates d1+92493 # O

Solution(s) o 17 _A _;:2 _3 b=1 U =-C1Xq — CyXy

1 Q=lo~ r =1 -~ u = -.236 -.236. ~O l_’q ) . Xl . X2

, _[4 O] Sl sy
. Q= o of r = u = -.828x; -.264x,

3 Q = -0 OT r =1 -> =0. 0 O_J ’ u =

\_

Reference(s) Shultz and Melsa, State Functions and Linear Control Systems,
 

1967.

#04465A submitted by Randy A. Coverstone.

This program is a translation of the HP-65 Users' Library Program
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SECOND ORDER REGULATOR

  b [Ql, r

 

 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 

STEP INSTRUCTIONS DATAUNITS KEYS DATAIGNITS

1 Enter program [::::][::::]

2 Input A matrix: input ajj arl [ji::][:::] all

then ajj ajo [}::]{_“,,I 212
then apjj az] []::] F::;J azl

then aj, aro IiA, - ayl

Input b b I,B”, b

Input Q and r: input gjq d71 {;, 911

then qj» d1 5 Iw}i q12

then gy, 922 [+ gq22

then «r r [ ¢ q1/r

5 calculate feedback coefficients [;D c1

|R/s C2
(Optional)* Calculate [A] (closed loop |

dynamics matrix) |r/S

Recall [A] |RCL 1 a1
| RCL 2 al2

| RCL 3 azl

IrcL 4 az
6 To change Q and r go to step 4 l

7 For new case go to step 2

 

  

 
* A DO NOT CALCULATE [A] IF STEP #6 IS TO BE

 

 

EXECUTED, AS [A] REPLAGES THE ORIGINAL [A]

 

 

MATRIX AND STEP 5 MUST OPERATE ON [A], NOT [A

 

  

 

[x1]
 

  

2]
_[a11 agp] [%] - [ o]

X(221 @2 [x] [B]”    

  

  

  

  

  

 

minimize J > u = -C1X] = CyX,

X1 ajp; ai2 X]

xpl — iapy asal 1x
- - - -  

 

     

  

  

  

   
|
|
|
|
|
|
|
l
I

J =1/2 fié‘(qllx12+2ql2xlx2+q22x22+ru2)dt |

l
|
|
|
|
|
|
|
|
|
 

e
e
s
—
—
—
—

—
—
—
—

—
—
—
—

—
—
—
—
—
s
s
—

—
—
—
s
e

e
t
e
t
e
e
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e
e
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

333} 'LE—;L{:‘ '.'.i 1 | Store [A] 857 KE 33 c2*

eaz £T04 IS @4 @se  RCLE 36 BE

ace ETOZ 5 ez e + -55
8as R -3 861 I 54
e STOZ IS 8 862 ROLI 6 a1
ger R -3l 867  RCL4 6 04
AaE  STO! 35 al aca . _e5
pee RS 51 8es  cTO07 35 67
@1é ¥LBLE ¢l 12 Store b a6t P 34
g:1 sres 3 s ae7  RCL? 36 @7
612 RTH z4 ase + -55
213 ¥BLC 21 13 g <14 75 @7

614 S707 X5 @7 678 RCLI 36 A1
ar; = -24 671 ¥ -35
aie  fros 33 @8 872 RCLE 36 @6
@17 LST¥ 16-63 a7 4 _ee
ale = ~35 74 STO6 35 @6
@19 RCLI 36 01 875 RCLE 3 85
e -39 ere = -24

azz = ~24 a7s  RCLT 36 €7
£ & -41 679 RCLZ 6 @2

Bz4 2 2 aen - 3=

ez ¥ o @1 sTO7 35 @7
gze - -43 @e2 RCLS 36 @S
27 RCL1 35 81 gz - _og
28 § —iE 884 RS 51 Display c,
&8 RCiz 6z 885 RCLZ 6 82
e = -4 886 ROLI 36 83
a1 + m3 857 RCLE 3¢ @6
@3z RCL? 36 @7 pgs - _45
93z % -24 8ee  RCL4 3¢ @4 Compute [A]
834 £T0T 5 @7 898 RCL: € @7
az3s ETH 24 @91 — -45

377 RCLZ 36 82 a91  Fi _31
ace pLlz 36 03 ess  EreR 22 11
g33  x -35 Ba5s S 51
84 RCL! 3¢ 61
841 RCL4 3 04
842 x -35
a4z - -45
844 STOE IS A€ 100
845 FRCLY 35 @7
adc I 54
@47 RCLS 36 @5
adg  x -5
§48 RCLE 26 @6 c1*
95a Y 24 SET STATUS

as! RCLE 3¢ ac FLAGS TRIG DISP

as2 + -55 ON OFF

853 £Teé 35 86 o O X} DEG ¥ FIX X
G54 a 4z 110 1 0 K GRAD (I SsCl 0O

c .- c 2 O K RAD OJ ENG [855 -35 2 0 B -
= b Py c85€  RCLS 3o 85 SEGISTERS

0 1 2 3 4 5 8 9
ajl ajo asy a22 b temp temp temp R>P

SO St S2 S3 S4 S5 S6 S7 S8 S9

A C D
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NOTES



Hewlett-Packard Software

In terms of power and flexibility, the problem-solving potential of the Hewlett-Packard line of fully
programmable calculators is nearly limitless. And in order to see the practical side of this potential,
we have several different types of software to help save you time and programming effort. Every one of
our software solutions has been carefully selected to effectively increase your problem-solving poten-
tial. Chances are, we already have the solutions you’re looking for.

Application Pacs

To increase the versatility of your fully programmable Hewlett-Packard calculator, HP has an ex-
tensive library of “Application Pacs”’. These programs transform your HP-67 and HP-97 into specialized
calculators in seconds. Each program in a pac is fully documented with commented program listing,
allowing the adoption of programming techniques useful to each application area. The pacs contain 20
or more programs in the form of prerecorded cards, a detailed manual, and a program card holder.
Every Application Pac has been designed to extend the capabilities of our fully programmable models
to increase your problem-solving potential.

You can choose from:

Statistics Mechanical Engineering
Mathematics Surveying

Electrical Engineering Civil Engineering
Business Decisions Navigation

Clinical Lab and Nuclear Medicine Games

Users’ Library

The main objective of our Users’ Library is dedicated to making selected program solutions contri-
buted by our HP-67 and HP-97 users available to you. By subscribing to our Users’ Library, you'll have
at your fingertips, literally hundreds of different programs. No longer will you have to: research the
application; program the solution; debug the program; or complete the documentation. Simply key
your program to obtain your solution. In addition, programs from the library may be used as a source
of programming techniques in your application area.

A one-year subscription to the Library costs $9.00. You receive: a catalog of contributed programs;
catalog updates; and coupons for three programs of your choice (a $9.00 value).

Users’ Library Solutions Books

Hewlett-Packard recently added a unique problem-solving contribution to its existing software
line. The new series of software solutions are a collection of programs provided by our programmable
calculator users. Hewlett-Packard has currently accepted over 6,000 programs for our Users’ Libraries.
The best of these programs have been compiled into 40 Library Solutions Books covering 39 application
areas (including two game books).

Each of the Books, containing up to 15 programs without cards, is priced at $10.00, a savings of up
to $35.00 over single copy cost.

The Users’ Library Solutions Books will compliment our other applications of software and provide
you with a valuable new tool for program solutions.

Options/Technical Stock Analysis Medical Practitioner

Portfolio Management/Bonds & Notes Anesthesia

Real Estate Investment Cardiac

Taxes Pulmonary

Home Construction Estimating Chemistry
Marketing/Sales Optics

Home Management Physics

Small Business Earth Sciences

Antennas Energy Conservation

Butterworth and Chebyshev Filters Space Science

Thermal and Transport Sciences Biology

EE (Lab) Games

Industrial Engineering Games of Chance

Aeronautical Engineering Aircraft Operation

Control Systems Avigation
Beams and Columns Calendars

High-Level Math Photo Dark Room
Test Statistics COGO-Surveying

Geometry Astrology

Reliability/ QA Forestry



CONTROL SYSTEMS

These programs incorporate many of the important calculations from control

theory. Bode plots, stability criteria, root-locus plots, and optimization are

included.

FREQUENCY RESPONSE OF A TRANSFER FUNCTION

BODE OF TRANSFER FUNCTION THAT HAS EACH POLE AND
ZERO GIVEN

BODE OF SECOND-ORDER OVER THIRD-ORDER TRANSFER
FUNCTION

BODE OF SECOND-ORDER OVER SECOND-ORDER TIMES
S**N TRANSFER FUNCTION

POLE-ZERO TO GROUP DELAY

ROUTH TEST FOR CONTINUOUS AND DISCRETE TIME SYSTEM
ANALYSIS

CONVERT FREQUENCY RESPONSE — OPEN LOOP, CLOSED
LOOP

AID TO ROOT LOCUS PLOTS | — REAL POLES

AID TO ROOT LOCUS PLOTS Il — COMPLEX POLES

CLASSICAL CONTROL GAINS

FIRST ORDER REGULATOR

SECOND ORDER REGULATOR

HEWLETT ’! l PACKARD

1000 N.E. Circle Blvd., Corvallis, OR 97330

Reorder No. 00097-14026 Printed in U.S.A. 00097-90201

Revision B 11-77


	Cover
	Table of Contents
	Frequency Response of a Transfer Function
	Bode of Transfer Function That Has Each Pole and Zero Given
	Bode of Second-Order over Third-Order Transfer Function
	Bode of Second-Order over Second-Order Times S**N Transfer Function
	Pole-Zero to Group Delay
	Routh Test for Continuous and Discrete Time System Stability
	Convert Frequency Response -- Open Loop, Closed Loop
	Aid to Root Locus Plots I -- Real Poles
	Aid to Root Locus Plots II -- Complex Poles
	Classical Control Gains
	First Order Regulator
	Second Order Regulator

