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Description of Program

The stress analysis program developed was combined with the
previously developed vibration analysis program ("Two Computer
Codes for Band Saw Vibration and Stability Analysis", A.G. Ulsoy,
University of California, Berkley, 1978.) to form a computationally
efficient interactive design program. The report "Development
of an Efficient Computational Procedure for Evaluating Band Saw
Blade Stresses" (J.E. Borchelt, A.G. Ulsoy, P. Papalambros,
University of Michigan, 1983) presents the theory used to develop
the stress analysis program. The report "Vibration and Stability of
Band Saw Blades: A Theoretical and Experimental Study" (Ph.D.
Dissertation, A.G. Ulsoy, University of California, Berkley, 1979.)
presents the theory used to develop the vibration analysis program.
Figure 1 shows the total desired automatic design computation
package. The process parameters, are P, ¢ are the in-plane
stresses, w are the natural frequencies, and J is the performance
criterion. The existing program consists of the stress and
vibration analysis segments and can stand alone as a design
package. The user can iteratively use the existing program as
a computer-aided design package. The stresses and/or natural
frequencies can be computed for various design parameters and
process conditions, allowing the designer to make direct comparisons.

Three posSible‘paths exist that can be taken by the program.
Figure 2 shows which path(s) the user can choose. The path taken
by the program can be changed once a given problem has been solved
without restarting the program. Figure 3 shows the subroutines

called when only the in-plane stress analysis, Path 1, is chosen
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MAIN

PROGRAM
1 3 2
' 3
STRESS z:> VIBRATION
ANALYSIS ANALYSIS
1 3 2
TERMINATE

PATH 1: ANALYSIS OF IN-PLANE STRESSES ONLY
PATH 2: VIBRATION ANALYSIS ONLY
PATH 3: STRESS AND VIBRATION ANALYSIS TOGETHER

NOTF: THE ORDER OF THE APPROXIMATING FUNCTIONS FOR THE
DISPLACEMENT FIELDS MUST BE 4 WHEN PATH 3 IS CHOSEN.

Ficure 2 PossiBLE PATHS THROUGH PROGRAM
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by the user.

Path 2, alone is chosen by the user are shown in Figure 4.

The subroutines called when the vibration analysis,

When

the combined analysis, Path 3, is chosen by the user subroutines

from both Figures 3 and 4 are used.

A brief description of what each subroutine does follows:

SUBROUTINE TDRIVE:

SUBROUTINE

SUBROUTINE

SUBROUTINE
SUBROUTINE

SUBROUTINE

SUBROUTINE
SUBROUTINE

SUBROUTINE

SUBROUTINE
SUBROUTINE

SUBROUTINE

SUBROUTINE

SDRIVE:

TCOFF:

ATAM:

TOUT:

FORCE:

TEMP :

RHS:

EXPAND:

DLUD:

DBS:

MATDIM:

CMOD:.

Reads temperature data for various points

on the band saw blade. Calls subroutine TCOFF.
Reads (Pre) stress data for various points

on the band saw blade. Calls subroutine TCOFF.
Calculates temperature Field coefficients
using the data read in subroutine TDRIVE by
solving the linear regression problem.
Temperature field coefficients are used in
subroutine TEMP. Calls subroutines ATAM,

DLUD, and DBS.

Calculates the matrix A-transposed times A
for use in finding the temperature field
coefficients.

Produces a table of the blade temperatures

at various points using temperature field
coefficients calculated in subroutine TCOFF.
Calculates the effect of the tensile, normal,
and/or tangential loads for the righthand

side vector. Also determines number of terms
in approximating function for displacement
field, (U).

Calculates effect of a temperature gradient

if present for the righthand side vector.

Adds the load and temperature effects together
to form the righthand side vector.

Calculates submatrices as given in report.
Determines the displacement field coefficients
for U and V. Prints out the displacement
field coefficients A and B, if desired.

Calls subroutines MATDIM, DLUD, DBS, DOUT,

and SCOFF.

Decomposes a general matrix (A) into lower
and upper triangular matrices.

Solves a system of linear equations by forward
elimination and back substitution.

Calculates nondimensional integrals for use
in subroutine expand to calculate submatrices
K1,K2,K3, and K4. Calls subroutine CMOD.
Calulates the powers of X and y used to
determine the elements of K1,K2,K3, and K4.
Bridge subroutine that calls AMOD 1, AMODZ2,
AMOD3, AMOD4, AMOD5, AMOD6, AMOD7.



SUBROUTINE AMOD 1: Calculates the nondimensional integrals
thatlare multiplied by (EH)/(1-NU**2)* (B/L)
in K1.

SUBROUTINE AMOD 2: Calculates the nondimensional integrals that
are multiplied by (EH)/(1+NU)*(L/B) in Kl.

SUBROUTINE AMOD 3: Calculates the nondimensional integrals that
are multiplied by (EH)/(1-NU) in K2.

SUBROUTINE AMOD 4: Calculates the nondimensional integrals that
are multiplied by ((EH)NU)/(1-NU**2) in K2.

SUBROUTINE AMOD 5: Calculates the nondimensional integrals that
are multiplied by (EH)/(1+NU) in K2.

SUBROUTINE AMOD 6: Calculates the nondimensional integrals that

; are multiplied by (EH/(1-NU**2)*(L/B) in K4.

SUBROUTINE AMOD7: Calculates the nondimensional integrals that
are multiplied by (EH)/(1+NU)* (B/L) in K4.

SUBROUTINE DOUT: Produces displacement field tables for U and

V at various points on the blade, using the
displacement field coefficients determined
in subroutine expand.

SUBROUTINE SCOFF: Calculates the stress field coefficients
for Sigma-X, Sigma-Y and Tau-XY, using the
displacement field coefficients and Hooke's Law.

SUBROUTINE STROUT: Produces tables of stress at various points
on the blade. Tables made are Sigma-X,
Sigma~Y, shear stress, and the maximum
principal normal stress.

SUBROUTINE VIBRA: Reads dimensionless integrals for vibration
analysis from file. Calculates mass, gyro,
and stiffness matrices.

SUBROUTINE DECODE: Picks out the right dimensionless integral
to be used in calculating the mass, gyro,
and stiffness matrices.

SUBROUTINE REFORM: Changes the system of second order differential
equations to a system' of first order differential
equations.

SUBROUTINE EIGENS: Calculates the natural frequencies of the

: band saw blade, and prints out the 5 lowest
eigenvalues.

The temperature field and/or (pre) stress field coefficients
are found by linear regression. The data points, blade coordinates
x and y, and the temperature or (pre) stress values, are entered
by the user or read from a data file. ATAM then calculates a
NxN norm matrix, where N is the number of terms in the approximating
function for the given temperature, or (pre) stress field. The
norm matrix is formed by matrix multiplication of the transpose
of a MxN matrix times the MxN matrix. M is the number of data

points.



This method is inherently ill-conditioned so the method of

singular-value decomposition and pseudo-inverse, (Numerical Methods,

G. Dahlquist, and A. Bjorck, Prentice-Hall, Englewood Cliffs,
N.J., 1974. Pp. 143-144), should be used to reduce the ill-
conditioning problem.

Important remarks conerning the use of this program are:

1) When a combined stress and vibration analysis are chosen
the order of the displacement field approximating functions must
be 4. If a combined analysis is chosen initially the program
automatically set the order of the displacement field approximating
functions equal to 4. However, this is not the case if the combined
analysis is not chosen initially. An error message is printed
out, and the run is terminated if the above condition is not met.

2) The highest order of the displacement field approximating
functions is 7. The program automatically sets the order to 6 if
it is greater than 7, and sets the order to 2 if it is less than
2.

3) A subroutine is needed to combine the stress and prestress
field coefficients. The subroutine for calculation of prestress
coefficients is SDRIVE subroutine SDRIVE is not working properly.

4) Input/Output file numbers:

Terminal input

Terminal output

7 - Input file that contains the nondimensional
integrals used for the vibration analysis

- Output file

10 - Input file that contains the blade coordinates,
and stress values that are used with vibration
analysis alone, or prestress values.

11 - Input file that contains the blade coordinates, and

temperature data for use in calcualting the tempera-



10

ture field coefficients.

5) Maximum number of data points that can be entered in
subroutines TDRIVE, or SDRIVE is 70.

Further information on subroutines DLUD, and DBS can be
obtained from the University of Michigan Computing Center
CCMEMO 426. Information concerning subroutines BALANC, ELMHES,
and HQR can be obtained from the University of Michigan Computing
Center by using the Archival utility program (NAASA: AUSP)
to list documentation on the above subroutines. Also see the program
listings of the above suroutines in a subsequent section for
further references. The next section gives a sample of a terminal
session using the present program. A listing of the program is
provided in the last section.



SAMPLE TERMINAL SESSION
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MTS Ann Arbor (LA36rLF10-GLAR-MFO2-CD23,01142)

MeToSe

will be down from 11 30

F$SIGNON K921
¥Enter rassword.

?

$TerminalsyNormalyUniv/Gov’t
#last sidnon was at 146111:S51y Fri
#User K921 sidgned on

at 16148157y

¥Messades for mailbox K921! 2 newu.

FCON XSINKX UC=0ON
FRUN %FTN SCARDS=RANISAW SFUNCH=-E
$Execution bedins
No errors in
¥Execution
#RER SCARDS=STRESS.CODE SFUNCH=-6
F$Run ¥FTN SCARDS=STRESS.CONE SFUNCH=-8
$Execution bedins

FExecution terminsted
#RER
FHRuUN

No

errors
errors
errors
errors
arrars
errors
errors
arrors
errors
errars
errors
errors
errors
errors
errors
errors
errors
errors
errors
errors
errors
errors
errors

terminated

in
in
in
in
in
in
in
in
in
in
in
in
in
in
in
in
in
in
in
ir
in
in
in

MAIN

EXFAND
ZEROC
MATDIM
cMon
AMODL
AMOD2
AMOD3
AMOD4
AMODS
AMODS
AMOD?
SCOFF
ZEROS
nouT
STROUT
TORIVE
TCOFF
ATAM
TOUT
TEMF
FORCE
RHS
SORIVE

SCARDS=VIERATION.CO SFUNCH=-V

$Execution bedins

&
£

No
No
No
No

errors
errors
errors
errors

Execution

in
in
in
in

terminated

VIBRA

DECOLE
REFORM
EIGENS

#m Sat till 12 roon Sun (6~12-83)

Jur 10/83
Fri Jun 10/83

Use SMESSAGE to retrieve them.

¥FTN SCARDS=VIRRATION.CO SFUNCH=-V
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RUN ~B+-5+-U+NAASINAL+NAAS EISPACK 7=TAPE 8=-0UT 11=IN1
#Execution bedins

REGIN FROEBLEM DESCRIFPTION

ENTER THE TITLE OF THIS RUN (50 CHARACTERS MAX)
TEMFERATURE GRADIENT WITH A TENSILE LOAD

ENTER NUMBER OF FROERLEM TO RE SOLVED
1~-FLATE STRESSES

2-FLATE VIEBRATION
3=FLATE STRESSES AND' VIERRATIONS

BEGIN DESCRIFTION OF AFFROXIMATING FUNCTIONS FOR DISPLACEMENT FIELD COEFFICIENT CALCULATION

ENTER DEGREE OF THE FOLYNOMIAL FOR THE AFPROXIMATING FUNCTIONS
INTEGER 2 TO 7

FEGIN DESCRIFTION OF AFFROXIMATING FUNCTION FOR TEMPERATURE FIELD COFFICIENT CALCULATION
ENTER DEGREE OF THE POLYNOMIAL FOR THE APFROXIMATING FUNCTION
IF ZERO NO TEMFPERATURE FIELDN IS FRESENT
OTHERWISE ENTER INTEGER 1 TO 3
REGIN ENTRY OF TEMFERATURE DATA
IS THE DATA TO READ FROM A DATA FILE

0-NO
1-YES

ENTER THE NUMEBER OF TEMFERATURE DATA FOINTS (I2 FORMAT)
66

BEGIN DESCRIFTION OF GEOMETRY OF BANDSAW RLADE

ENTER LENGTH OF EBANINSAW BLADE
39.37

ENTER EANDSAW ELADE WIDTH
10.827

ENTER HFANISAW BLADE THICKNESS
0.059035

BEGIN DESCRIFTION OF MATERIAL FROFERTIES OF THE BRANDSAW ELADE

ENTER MODULUS OF ELASTICTY (YOUNG"'S MODULUS)
29010000.0

ENTER FOISSON"S RATIO
0.3
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ENTER THE MASS DENSITY OF THF MATERIAL

0,283
ENTER COEFFICIENT OF THERMAL EXPANSION
0,0000084
EEGIN DESCRIFTION OF OFERATING CONDITIONS OF THE EANDSAW BLADE
ENTER THE VELOCITY OF THE RANDSAW ELADE
0,0
ENTER WHEEL SUFFORT COEFFICIENT
0.0
ENTER THE INITIAL TENSION ON THE RANDSAW RLADRE
11240.0
ENTER NORMAL CUTTING FORCE ON THE BANISAW ELADE
0.0
ENTER TANGENTIAL CUTTING FORCE ON THE BANDSAW BLADE
0.0
REGIN OUTFUT CONTROL DESCRIFTION
DO YOU WISH THE PRINTING OF THE DISPLACEMENT FIELD COEFFICIENTS (Y/N)?
Y
DO YOU WISH THE FRINTING OF THE DISFLACEMENT FIELD TARLES (Y/N)7?
Y
DO YOU WISH THE FRINTING OF THE STRESS FIELD TARLES (Y/N)7?
Y
DO YOU WISH THE FRINTING OF THE TEMPERATURE FIELD COEFFICIENTS/TARLE (Y/N)?
Y
ENTER NUMERER OF NEXT INSTRUCTION
1- NEW FROELEM TYPE )
2- NEW AFFROXIMATING FUNCTION FOR DISFLACEMENTS
3- NEW AFFROXIMATING FUNCTION FOR TEMFERATURE
4- NEW EIGENFUNCTIONS FOR VIRRATION ANALYSIS
S- NEW RLADE GEOMETRY
6~ NEW MATERIAL FROFERTIES
7= NEW OFERATING CONDITIONS
8- SOLVE NEW FROELEM
9- STOF
1
ENTER NUMERER OF FPRORLEM TO RE SOLVED
1-PLATE STRESSES
2-FLATE VIBRATION
3-FLATE STRESSES AND VIERATIONS
L
REGIN DESCRIFTION OF EIGENFUNCTIONS FOR RANDSAW RLADE VIBRATIONS
ENTER NUMEBER OF SIMFLY SUFFORTED BEAM EIGENFUNCTIONS
INTEGER 1 TO 6
4

ENTER NUMERER OF FREE-FREE REAM EIGENFUNCTIONS
INTEGER 1 TO 6
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ENTER NUMERER OF NEXT INSTRUCTION
1- NEW FROBLEM TYPE
2- NEW APPROXIMATING FUNCTION FOR DISPLACEMENTS
3- NEW AFFROXIMATING FUNCTION FOR TEMPERATURE
4- NEW EIGENFUNCTIONS FOR VIBRATION ANALYSIS
S5- NEW BLADE GEOMETRY
46— NEW MATERIAL FROFERTIES
7- NEW OFERATING CONDITIONS
8~ SOLVE NEW FRORLEM
9- STOF

ENTER THE TITLE OF THIS RUN (50 CHARACTERS MAX)
FLATE VIBRATION WITH TEMFERATURE GRADIENT

[0 YOU WISH TO USE THE STRESS FIELD COEFFICIENTS CALCULATED FREVIOUSLY (Y/N)7?
Y

ENTER NUMRER OF NEXT INSTRUCTION
1- NEW FROBLEM TYFE
2~ NEW AFPROXIMATING FUNCTION FOR DISFLACEMENTS
3~ NEW AFFROXIMATING FUNCTION FOR TEMFERATURE
4- NEW EIGENFUNCTIONS FOR VIERATION ANALYSIS
S~ NEW BLADE GEOMETRY
6~ NEW MATERIAL FROFERTIES
7- NEW OFERATING CONDITIONS
8- SOLVE NEW FROELEM
?- STOF

ENTER NUMBRER OF FROBLEM TO RBE SOLVED
1-FLATE STRESSES

2-FLATE VIBRATION

3-FLATE STRESSES AND VIBRATIONS

BEGIN DESCRIFTION OF APFROXIMATING FUNCTIONS FOR DISFLACEMENT FIELD COEFFICIENT CALCULATION

ENTER DEGREE OF THE FOLYNOMIAL FOR THE AFPROXIMATING FUNCTIONS
INTEGER 2 TO 7

ENTER NUMBER OF NEXT INSTRUCTION
1- NEW FROELEM TYFE
2= NEW AFFROXIMATING FUNCTION FOR DISFLACEMENTS
3- NEW AFFROXIMATING FUNCTION FOR TEMPERATURE
4- NEW EIGENFUNCTIONS FOR VIBRATION ANALYSIS
S- NEW RLADE GEOMETRY
6- NEW MATERIAL FROFERTIES
7—- NEW OFERATING CONDITIONS
8~ SOLVE NEW FROELEM
9~ STOF

REGIN DESCRIFTION OF AFFROXIMATING FUNCTION FOR TEMFERATURE FIELD COFFICTENY CALCULATION
ENTER DEGREE OF THE FOLYNOMIAL FOR THE AFFROXIMATING FUNCTION

IF ZERO NO TEMPERATURE FIELD IS PRESENT

OTHERWISE ENTER INTEGER 1 TO 5
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ENTER NUMBER OF NEXT INSTRUCTION
1- NEW FROBLEM TYFE
2- NEW AFPFPROXIMATING FUNCTION FOR DISFLACEMENTS
3- NEW AFFROXIMATING FUNCTION FOR TEMFERATURE
4~ NEW EIGENFUNCTIONS FOR VIBRATION ANALYSIS
S- NEW ELADE GEOMETRY
6- NEW MATERIAL FROFERTIES
7- NEW OFERATING CONDITIONS
8- SOLVE NEW FROBLEM
9- STOP

4]

EEGIN DESCRIPTION OF GEOMETRY OF EANDNSAW BLADE

ENTER LENGTH OF BANDSAW BLAIDE
1.0

ENTER BANDSAW RLAIE WIDTH
0.25

ENTER BANDSAW BLADE THICKNESS
0.00107

ENTER NUMBER OF NEXT INSTRUCTION
1- NEW FROBLEM TYPE
2- NEW APFROXIMATING FUNCTION FOR DISPLACEMENTS
3- NEW AFFROXIMATING FUNCTION FOR TEMFERATURE
4~ NEW EIGENFUNCTIONS FOR VIBRATION ANALYSIS

S5~ NEW BLADE GEOMETRY

6— NEW MATERIAL FROFERTIES

7= NEW OFERATING CONDITIONS

8- SOLVE NEW FRORLEM

9- STOF

BEGIN DESCRIFTION OF MATERIAL FROFPERTIES OF THE BANDSAW BLADE

ENTER MODULUS OF ELASTICTY (YOUNG®S MODULUS)
207000000000.0

ENTER POISSON®S RATIO
0.3

ENTER THE MASS DENSITY OF THE MATERIAL
0.283

ENTER NUMEBER OF NEXT INSTRUCTION
1- NEW FRORBLEM TYFE
2= NEW AFFPROXIMATING FUNCTION FOR DISFLACEMENTS
3~ NEW AFFROXIMATING FUNCTION FOR TEMFERATURE
4-- NEW EIGENFUNCTIONS FOR VIRBRATION ANALYSIS
S- NEW RLAIE GEOMETRY
6—- NEW MATERIAL FROFERTIES
7= NEW OFERATING CONDITIONS
8- SOLVE NEW FRORLEM
9- STOF
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BEGIN DESCRIFTION OF OFERATING CONDITIONS OF THE EBANDSAW RLAIE

ENTER THE VELOCITY OF THE RANDSAW BLADE
48.74

ENTER WHEEL SUFFORT COEFFICIENT

0.2

ENTER THE INITIAL TENSION ON THE BANDSAW RLADE
S50000.0

ENTER NORMAL CUTTING FORCE ON THE EBANDSAW ELADE

250.0

ENTER STARTING X--COORDINATE OF NORMAL CUTTING FORCE
0.487
) ENTER ENDING X-COORDINATE OF NORMAL CUTTING FORCE
0.513

ENTER TANGENTIAL CUTTING FORCE ON THE EANDSAW EBLADE
S00.0

ENTER STARTING X-COOQRDINATE OF TANGENTIAL CUTTING FORCE
0.487
ENTER ENDTING X-COORNTINATE OF TANGENTIAL CUTTING FORCE

0.513

ENTER TANGENTIAL CUTTING FORCE ON THE BANDSAW ELADE
500.0

ENTER STARTING X-COORDINATE OF TANGENTIAL CUTTING FORCE
0.487

ENTER ENDING X-COORDINATE OF TANGENTIAL CUTTING FORCE
0.513

ENTER NUMEER OF NEXT INSTRUCTION
1- NEW FROBLEM TYFE
2- NEW AFFROXIMATING FUNCTION FOR DISFLACEMENTS
3- NEW AFFROXIMATING FUNCTION FOR TEMFERATURE
4- NEW EIGENFUNCTIONS FOR VIERRATION ANALYSIS
S- NEW BLADE GEOMETRY
6- NEW MATERIAL FROFERTIES
7- NEW OFERATING CONDIITIONS
8- SOLVE NEW FRORLEM
9~ STOF

ENTER THE TITLE OF THIS RUN (S50 CHARACTERS MAX)
TENSILEs NORMALs» TANGENTIAL LOAD DEGREE EQUAL 6

ENTER NUMEBER OF NEXT INSTRUCTION
1- NEW PRORLEM TYFE
2- NEW AFFROXIMATING FUNCTION FOR DISFLACEMENTS
3- NEW AFFROXIMATING FUNCTION FOR TEMFERATURE
4~ NEW EIGENFUNCTIONS FOR VIBRATION ANALYSIS
S5~ NEW BLADE GEOMETRY
6- NEW MATERIAL FROPERTIES
7~ NEW OFERATING CONDITIONS
8- SOLVE NEW PROBLEM
9- STOF

ENTER NUMBER OF PROBLEM TO EE SOLVED
1-FLATE STRESSES

2-FLATE VIBRATION

3-PLATE STRESSES AND VIBRATIONS

N

BEGIN DESCRIFTION OF EIGENFUNCTIONS FOR BANDSAW BLADE VIBRATIONS
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ENTER NUMEBER OF SIMPLY SUFFORTED BEAM EIGENFUNCTIONS
INTEGER 1 TO 6

wu

ENTER NUMEBER OF FREE-FREE REAM EIGENFUNCTIONS
INTEGER 1 TO 6

r

k%% ERROR THE STRESS FIELD FOLYNOMIALS DO -NOT MATCH THOSE REQUIRED FOR THE VIBRATION ANALYSIS! %xX¥
$Execution terminated
$#RUN XFAGEFR SCARDS=-0U FAR=ONESIDED
«Version Jumn 02/83. ¢$Cory XFAGENEWS(1,30) for descrirtion of chandges.
$Execution bedins
XFRINTX assigned receirt number 667585
XFRINTX 66735835 held

This XFAGEFR run denerated 634 linesy 28 radesy 28 imadesy and 28 sheets.

XFRINTX 647585 releasedy 30 radessy route=CNTRy rrinter=FAGE.
¥Execution terminated

516
¥Receirt Summaryg?

FXFRINTX 667499 61 radesy route=CNTRy rrinter=PAGE.
FRFRINTX 667585 30 radesy route=CNTRy Frinter=PAGE.

¥
K921 16148157 to 17124139y Fri Jun 10/83
ETerminalsyNormal»Univ/Gov‘t

IElarsed time 35.684 minutes $.81
FCFU time used 9.953 seconds $2.36
FCFPU ctorade VUMI 7.483 rade-min. $.95
FWuait storadge UMI 674475 rade-hr.,

FFade rrinter lines 2357

IFade Frinter rades 21

FPade Frinter imades ?1 $1.59
IPade rrinter sheets ?1 $.959
FFrade—ing 577

khisk. 1/0 1639

I Arprodimate cost of this runt $6.26
Flisk storage charde 101 rade-hr. $.,01

F Arrroximate remaining balance?! $43.43
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