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The Flange |

A CAD design of a flange-bolt-gasket system.
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A standard for gasketed circular

flange connections

The standard consists of

» Applicability and basic
assumptions
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flange connections
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» Applicability and basic
assumptions

» Nomenclature

» Calculation method
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A standard for gasketed circular

flange connections

The standard consists of

» Applicability and basic
assumptions

» Nomenclature

» Calculation method

The calculation method assures
the impermeability and
mechanical strength of the
flange-bolt-gasket system.
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The input parameters to the calculation method

» Flange data, e.g., dimensions and material constants
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The input parameters to the calculation method

» Flange data, e.g., dimensions and material constants
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GO

The input parameters to the calculation method

» Flange data, e.g., dimensions and material constants
d, d,
e =zeg

<,

ep=ep | [y

» Mounting data such as screw tightening method

» Data for operating states such as pressure and temperature
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Czleiilition Mathod 2ined fr2ezsion

oo = (ds, = di )2 fir Integralflansch und Blindflansch (40)
O - deor2 fiir Losflansch und Bund oder Bérdel

dyy = min {max (A (o, + % % (1 + K di) } “
% = (2% Exl(Z % Epy)

ANMERKUNG 3  Gleichung (41) gilt nur fir lose Flansche mit Bordel oder Bund.

Gleichungen (38) bis (41) werden so lange iterativ ausgewertet, bis der Wert b,_ innerhalb der erforderlichen
Genauigkeit konstant bleibt.

ANMERKUNG 4 Eine Genauigkeit von 5 % ist austeichend. Um ein Ergebnis zu erreichen, das vom Anwender unabhangig ist,
wird eine Genauigkeit von 0,1 % empfohlen.

Tabelle 1 — Effektive Dichtungsgeometrie

Typ Dichtungsform Formeln

1 Flachdichtungen, Erste Naherung:
Weichstoff oder
zusammengesetzte | bg;
Werkstoffe oder
reines Metall, siehe |Genauer:
Bild3a

>
efmxde xEa | R ]
x ZJEy + gy x ZJE,, | ® % o X Q|

v ¥ gy

by
Eg = Ey+ 05 K, x Fo/Aq.
7, 7 nach Gleichung (27) oder (31)

Immer: dg, = dg, = b,
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(@alculationtViethed rand iVieximize

We = (04) % {fex 2% b x e x (1+2x Wo x Wy = W) + fi x di x e X ey X ju X k) 74
¥, <, ky=+1 Wz = W
jw=+1 [P, <V hy=+1 Wy =WYou
¥, <, ky <+ 1 W =V
W, < W, k=1 Wy =Yo
ju=m -1 [P <P < ¥, ky=-1 o= Yo
Y < W >~ 1 V2 = Ve, -1

Der Rechnungsgang ist wie folgt durchzufiihren:
a) e, wird nach Gleichung (75) nach Bestimmung von 3 durch Auswerten von Gleichung (9) errechnet.

b) fi 8o, By, ¢y Werden nach den Gleichungen (76) bis (78) berechnet.
(Wird der Wert unter der Wurzel von c,, negativ, ist der Hals iiberlastet).

c) Eswerden cg_. 1y = - 1y Jits Popo Voo Wi Prinach den Gleichungen (79) bis (84) errechnet.
(Wenn ¥, < - 1 oder ¥, > + 1, ist der Ring Uberlastet).

d) ky, und ¥, sind nach Tabelle 2 auszuwahlen. Wenn die Tabelle k, < + 1 oder k,, > - 1 ohne weitere Prazisie-
rung festlegt, muss der Wert von k,, derart abgestimmt werden, dass W, in Gleichung (74) maximal wird nach
Berechnung im folgenden Schritt e). Der Wert von ‘¥, zugeordnet zu k,, ist durch Gleichung (82) gegeben.

for Artificial Intelligence
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C:levilation W2thoel

2 Compurse Alusire)

The formulas occurring in the standard can be calculated using
» Standard real arithmetic

» Real functions such as cos, o/ etc.

» Special functions such as maximize

» Control structures such as conditional statements and iteration

Use a computer algebra system for the calculations.
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Formel Varifiezrion

Correctness of calculations crucial for application to safety critical
environments

» CASs do not provide justifications of calculations
» 5 simplifies to 1 in the Reduce CAS

Results of the CAS can be formally verified
» One can generate lemmas from CAS result to be proved

» Checking is easier than finding

Industrial Standards, and Formal Verification German Research Center

D. Dietrich, L. Schroder, E. Schulz . for Artificial Intelligence



rlais- i Flaisrosanzons oo Sar

Architecture of the heterogeneous tool set Hets

Tools for specific logics Logic graph Tools for heterogeneous
~ specifications
| (Haskell .. Kﬁ
Pt 4 Misbelle | i

Abstract syntax : _"——» Parser

Static Alnalysis HasCASL T Ausuac‘t syntax

(Signature, Sentences) SoftFOL CoCASL [~ StaticAnalysis

\ /' Global Er{nmnmsnl

CASL /oy N

[~————— Interfaces.

casLor| | ¥ X
XML, Aterms WWW, GUI

+
ModatCASL — §
Theorem provers OWL-DL _pl A
Rewriters E development graphs

t» Heterogeneous !nfemnce engine
_'D'::omuosiﬁn:l;l pru:fl:'lligalians
Grothendieck logic [P "erssemente!presfschanee
Conservativity and ) 9 v

Model checkers (Flattened |OgIC graph Heterogeneous proof trees

- vy

u]
o)
1
n
it

A
Industrial Standards, and Formal Verifica

Germ sear enter
for Artificial Intelligence

D. Dietrich, L. Schroder, Schulz



SPEGicatieniangiagenes|t

Design goals of CSL

» Formal specification of the calculation method

Industrial Standards, and Formal Verification
D. Dietrich, L. Schr¢

Schulz

A
al Intelligence



SPEGiiGationanguagenes|t

Design goals of CSL
» Formal specification of the calculation method

» Specification of assignments in an arbitrary order, but:
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AVlEt eNeS|NEXample

Calculating a root of cos using Newton’s Method

The CSL specification

y := cos(x) %(A)%
z := sin(x) %(B)%
x := 10 %(C)%

repeat

x :=x + y/z %(D)%
until abs(y) < 0.001
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AVlEt eNeS|NEXample

Calculating a root of cos using Newton’s Method

The CSL specification Building the Dependency Graph

y := cos(x) %(A)%
z := sin(x) %(B)%
x := 10 %(C)%

repeat
x :=x + y/z %(D)%
until abs(y) < 0.001

The translation yields this program: ic
C;A;B;repeat D;A;B; until abs(y) < 0.001
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Verification Points in CSL

» are positions of subterms of CSL statements
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» are positions of subterms of CSL statements

» Evaluating a such marked term produces a verification
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» Evaluating a such marked term produces a verification condition
» The CAS result is extended by a list of verification conditions
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Narifized €S

Verification Points in CSL

» are positions of subterms of CSL statements

» Evaluating a such marked term produces a verification condition
» The CAS result is extended by a list of verification conditions

» Use Hets to prove verification conditions

Specifying CAS program semantics in HasCASL
» Standard interpretation of programs as state transformers
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Narifized €S

Verification Points in CSL

» are positions of subterms of CSL statements

» Evaluating a such marked term produces a verification condition
» The CAS result is extended by a list of verification conditions

» Use Hets to prove verification conditions

Specifying CAS program semantics in HasCASL
» Standard interpretation of programs as state transformers

» Properties of algorithms specified in CSL can be verified
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[EXaMpIE

Verifying a result from the CAS

A CAS program

Environment = o
y := maximize(t, x)
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[EXaMpIE

Verifying a result from the CAS

A CAS program > We set verification point at maximize
position — maximize(t, x) is marked

Environment = o
y := maximize(t, x)
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[EXampIE

Verifying a result from the CAS

A CAS program > We set verification point at maximize
position — maximize(t, x) is marked

Environment = o | » CAS computes this expression in context
y := maximize(t, x) o and retuns result r
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[EXampIE

Verifying a result from the CAS

A CAS program

> We set verification point at maximize
position — maximize(t, x) is marked

Environment = o

» CAS computes this expression in context

y := maximize(t, x) o and retuns result r
: » Apply substitution o to t and obtain t’
=] F = = =
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[EXampIE

Verifying a result from the CAS

A CAS program > We set verification point at maximize
position — maximize(t, x) is marked

Environment = o | » CAS computes this expression in context

y := maximize(t, x) o and retuns result r

» Apply substitution o to t and obtain t’

» We produce the verification condition
maximize(t',x) = r
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[EXampIE

Verifying a result from the CAS

A CAS program > We set verification point at maximize
position — maximize(t, x) is marked

Environment = o
y := maximize(t, x) o and retuns result r

v

CAS computes this expression in context

v

Apply substitution o to t and obtain t’

v

We produce the verification condition
maximize(t',x) = r

Translate this equality to HasCASL for
proving

v
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CSL. CAS el Flats

CSL and the Hets Logic Graph

N\

Logic Graph

Isabelle Prover X lsabelle

HasCASL
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CSL. CAS el Flats

CSL and the Hets Logic Graph

N\

Logic Graph

Isabelle Prover X lsabelle

HasCASL
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The CSL institution

» Signatures are collections of real constants and functions over the
reals
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reals

» Sentences are program statements or first order formulas in an
extended theory of the reals augmented by the signature
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The CSL institution

» Signatures are collections of real constants and functions over the
reals

» Sentences are program statements or first order formulas in an
extended theory of the reals augmented by the signature

» Models are program states, i.e., symbolic valuations

» A state satisfies a program if it terminates successfully
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S CAS =nd rl2ts conr.

The CSL institution

» Signatures are collections of real constants and functions over the
reals

» Sentences are program statements or first order formulas in an
extended theory of the reals augmented by the signature

v

Models are program states, i.e., symbolic valuations

v

A state satisfies a program if it terminates successfully

v

A state satisfies a formula ¢ if ¢ holds under this valuation
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Stimmenena @ntieek

» Specification language CSL for industrial standards
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» Specification language CSL for industrial standards

» Synthesis of programs for generic CAS interface
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» Specification language CSL for industrial standards

» Synthesis of programs for generic CAS interface

» Verification Points for local verification of CAS result
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Suneiey zned Oijeleoe)s

» Specification language CSL for industrial standards
» Synthesis of programs for generic CAS interface

» Verification Points for local verification of CAS result
» Integration of CSL and CAS interface in Hets
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v

Specification language CSL for industrial standards
Synthesis of programs for generic CAS interface
Verification Points for local verification of CAS result
Integration of CSL and CAS interface in Hets
Specification of CSL semantics in HasCASL
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» Specification language CSL for industrial standards
Synthesis of programs for generic CAS interface
Verification Points for local verification of CAS result
Integration of CSL and CAS interface in Hets
Specification of CSL semantics in HasCASL

Relating CSL to HasCASL by theoroidal comorphism
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v

Specification language CSL for industrial standards
Synthesis of programs for generic CAS interface
Verification Points for local verification of CAS result
Integration of CSL and CAS interface in Hets
Specification of CSL semantics in HasCASL

» Relating CSL to HasCASL by theoroidal comorphism
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Benefit from symbolic character of CAS computations
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v

Specification language CSL for industrial standards

v

Synthesis of programs for generic CAS interface
Verification Points for local verification of CAS result
Integration of CSL and CAS interface in Hets
Specification of CSL semantics in HasCASL

» Relating CSL to HasCASL by theoroidal comorphism

v

v

v

Benefit from symbolic character of CAS computations

» Using CAS to simplify CSL specifications for partial instantiations or
given set of additional assumptions
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Synthesis of programs for generic CAS interface
Verification Points for local verification of CAS result
Integration of CSL and CAS interface in Hets
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» Using CAS to simplify CSL specifications for partial instantiations or
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» Replace special functions by closed solutions found by the CAS
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v

Specification language CSL for industrial standards
Synthesis of programs for generic CAS interface
Verification Points for local verification of CAS result
Integration of CSL and CAS interface in Hets
Specification of CSL semantics in HasCASL

Relating CSL to HasCASL by theoroidal comorphism

v

v

v

v

v

Benefit from symbolic character of CAS computations

» Using CAS to simplify CSL specifications for partial instantiations or
given set of additional assumptions

» Replace special functions by closed solutions found by the CAS

» Finding instantiations for underspecified specifications, e.g., number
of bolts needed for flange to satisfy standard
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