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UNIONES ROSCADAS EN EL PROCESO DE DISENO DE MAQUINAS

VISION HOLISTICA
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En el pasado reciente, los disenadores empleaban el 75% de su tiempo,
en trabajar sobre el disefo de detalle del producto.

Actualmente emplean el 70% en desarrollar el concepto. No obstante

muy buenos disenos, fallan por detalles....... Atencion.....

En la Ingenieria de Detalle: Uniones Atornilladas vs Soldadas

Disefio Union Roscada - Fases: Pre-disefio Procedimientos Clasicos —
Optimizacion — Verificacion Segun Normativas. Enriquecer el proceso

diseno inicial........




UNIONES ROSCADAS - ATORNILLADAS
PRETENSADAS

EJEMPLOS

e Diversidad

 Complejidad ... Simplificaciones en la Ingenieria Basica 3
e Confiabilidad




Abordaje tematico desde las fallas...... que nos dice la empiria....

Causas primarias de falla por fatiga de las uniones atornilladas

Errores cometidos en el ensamblaje (45%)

Defectos de fabricacion

Errores de disefio
Fallas en el tratamiento térmico
Uso inadecuado

Mala seleccion del material

Inadecuado tratamiento superficial




En una primer y generalizada simplificacion......

DIRECCION DE CARGA Y EJE DEL TORNILLO COLINEALES Y COINCIDENTES
CON EL BARICENTRO DE LOS ELEMENTOS AUNIR
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SE PUEDEN OBSERVAR LAS TRES CONDICIONES DE UNA UNION TIPICA:
1) INICIAL SIN PRETENSION. d

) CON PRETENSION. e

l1l) CON CARGA EXTERIOR. SSAAI RS
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APLICANDO SOBRE LA UNION PRETENSADA LA CARGA DE SERVICIO
“Fg° TORNILLO Y JUNTA COMO DOS RESORTES EN PARALELO
ELONGAN, EN LA MISMA MAGNITUD.
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SOLICITACION EXTERNA VARIABLE
Fao: SOLICITACION MAXIMA FUERZA ALTERNATIVA

Fgy: SOLICITACION MINIMA ]
FUERZA DE TRACCION VARIABLE. FUERZA DE COMPRESION
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Complejidades — Incertidumbres I:S - |:V +d- I:B
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- ELASTICIDAD DE LAJUNTA

Roloff — Matek determinan del area de un cilindro hueco equivalente en rigidez, al de los
troncos de cono / paraboloide.
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2) Asentamiento — Relajacion de componentes

Se produce un asentamiento fz. Disminuye la fuerza la fuerza de pretensado inicial F,,,, en un
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3) Influencia del punto de aplicacion de la fuerza exterior en la union
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4) Influencia de la geometria de la unién
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5) Condicion de asiento / Montaje impropia

N
Betriebszustand

working state My

6) Tensiones por condicion de montaje

Applying torgue
to tighten

foraion stress o +3z' <090
“red \/ t 0.2

- \IIG“" 3T’ 15




7) Fuerza de pretensado “F,,”

- Determinacion -
Bridas F,=1.3a1l.6Fg(P) | i y
o, = Fy/At= 0.520.75 o a / iy
Aplicaciones Especiales 1 ; | <
Bielas — Tapas de Cilindro F,=2a3Fg (P) - 5 W
fs fr

Teniendo presente la fuerza de cierre necesaria en la union

Ry =Fi +0-n®)Fg

Se incrementa en un 10 a 15% por efecto de relajacion -asentamiento de los elementos
de la union.

- Ajustes con llaves comunes V (Kgr)= 2800 d (cm)

DIAMETRO Seccién CARGA EN EL LIMITE FUERZA DE PRETENSADO (kg) TORQUE DE APRIETE (kgm) (*)
NOMINAL resistente ELASTICO 0.2% (kg) (70-75% de carga en limite elastico)
mm?
5.6 8.8 10.9 12.9 5.6 8.8 10.9 12.9 5.6 8.8 1&'9 12.9
M12 x 1,75 84,3 2530 5400 7600 9100 1900 3830 5400 6450 4 9 12 15




- Implementacion Pretensado
friccién =~
a) To rque de rosca
(40 %) plano inclinadc
T — K M F * d ( |Oqo)

V friccion_—p»

Expresion tipica con p= 0.15 Y Deyerca: 4/3 d de( a t“er)ca
50 7
Muchaincertidumbre

T(Kgr.m)=0.2- FV (Kgr)-d(cm)

Factores de tuerca reportados
Maieriales de sujetadores Min Medio Max
. . I
v recubrimientos”

Recubrimiento de aluminio 042 0,52 0.62
puro sobre acero aleado AISI 8740

Aluminio electrolaminado sobre -—-- 0,52 -
acero aleado AIST E740

Como recibido, acero blando o 0,158 0,2 0,267

aleado sobre aceroaleado sobre

A con lubricante B sin lubricante
0.3 - =

ol I

PROBABILIDAD
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T(Kgrm)=0.2- FV (Kgr)-d(cm)

AR T ey

V (Kgr)=2.800-d(cm)

Robust Bi-Directional

Ratchet Head
OLED Screenshots
Track Mode Preset Mode Torque & Angle Recall
INu ‘NH
Preset 1
Menu any Menu (114)-Select
Dispays Actual Screen Changes View Torque &  Store & View 2000+
Torque as applied Colour as Preset ~ Angle results or upload to
Torque is reached simultaneously PC or SPC

UsB
Tactile Switch Bi-directional  Ergonomic 4% AA
Green/Red LED Signals Comms Soft Grip Batteries

Large, Colour Organic LED Screen
High Visibility + Colour Warning Signals




b) Precargay Giro

L_p. R
360
R
F =k..L=k.-P._™_
Vv S 360

L: alargamiento del bulon
P: paso de la rosca
R: es la rotacion de la tuerca (grados) respecto del tornillo.

Ks: Rigidez del tornillo
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En técnicas de giro, la tuerca es ajustada inicialmente con un torque aproximado (A) y luego se sigue
ajustando con un giro medido (B). Bulon de 7/8 x 52 ASTM A 325.

20



c) Elongacion del tornillo - Medicion
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Dispersion de Precarga Reportada parauna variedad de Herramientas o Procedimientos de abulonado.

Control de torque con una llave de mano +/-30
Herramienta neumatica de torque con tope +/-35
Llave de torque del tipo Click +/-60a 80
Llave de torque mas multiplicador -70a+150
Giro de la tuerca (acero estructural) +/-15
Herramienta neumatica controlada por computadora hasta el limite elastico +/-3al0
Sistema LRM de Rockwell Internacional (torque-angulo) +/-3al0
Arandelas de carga de tension autoajustable +/-15
Bulones de tension autoajustable +/-1
Bulones de Traba Forjados +/-5
Llave de impacto neumatica -100a+150
Tensionadores hidraulicos con calibre de lectura +/-20
Atacto del operador +/-35
Alargamiento del bulon(micrometros) +/-3als
Control ultrasonico +/-1al0

Todos los valores estan en *“%" v vienen de la propia experiencia del autor o del Manual de Mano Estandar de Dhseno de Maguinas,
editado por Joseph R. Shigley v Charles R. Mishcke, McGrawHill, New York, 1986, p. 23 23,
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DISPERSION DEL VALOR DE PRETENSADO

Tightening method

Accuracy
on pre-load

+ Calibrated torque wrenches

» Power tightening tools with regular calibration
on application (measurement of elongation
of the bolt or measurement of torque value
using a calibrated torque wrench)

+20 %

1.5

» Impact wrenches with stiffness adjustment
and periodic calibration on application
(measurement of torque value using a calibrated
torque wrench per batch)

+ 40 %

2.5

» Hand wrenches
« Shock wrench (uncalibrated)

1+ 60 %

., Fomax. .
Y “Fomin_ Uncertalnty factor on tightenlng load

(Abstract fom French Standard NF E 25030 reproduced by permission of AFNOR)
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Single-bolted joints Multi-bolted joints Bolted joints
concentric or eccentric in a plane axial symmetry symmetrical asymmetrical bolt axes
Cylinder or Beam Beam Circular plate | Flange with Flange with Rectangular multi-| - Multi-bolted joint
prismatic sealing gasket |plane bearing face| bolted joint
bo
- @ ®
"T“ @® TN Joint geometry
‘ <
\iﬂ"
M. _AF, M ,—.t'f"' Relevant loads
¥ v
F. wd
T G| o =
FZ z ‘ MM:
Axial force Axial force Forces and
Fa Fa Fa Fa Fa Fa moments
Transverse Transverse (Pipe force) Transverse force | Transverse force
force force Working Torsional Fa Fa
Fa Fa moment moment Torsional Torsional
Moment inthe | Moment in the My My moment moment
lane of the lane of the Internal Internal Working My My
m arm ressure pressure moment Working moment | Working moment
My Mz p P My Mg
VDI 2230 limited treatment by VDI 2230 E:]Nﬁuﬁgﬁm limited treatment by VDI 2230
Bending beam theory Plate theory |VDI 2230 limited treatment using Calculation
with additional conditions (limited treatment) simplified models procedure

Finite Element Method (FEM)
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2.1 Taskdescription
Sizing and rating of the bolting for a flanged coupling with data as shown:

Torque to be transmitted 13kNm Coefficient of friction 0.15
Pitch diameter 258mm Minimal axial force OkN
Number of bolts on pitch circle 12 Maximum axial force 10kN
Material flange (left/right) GG25/34CrNiMo6  Strength class of bolt 10.9
Thickness flange(left/right) 22mm/18mm Hexagon head screw with shank (AB)
Surface flange (left/right) N7/N8 ISO4014

Tightening: with dynamometric key

The connection realised with through bolts (notation according VDI 2230:2003 bolted joint)
with nuts and washer under nuts and under bolt head.
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Basic data | Clamped parts | Entries |

Working data

Configuration <Wm@ v

Number of bolts | 12 Axial Force (minjmax) Fa | 0.0000 0.0000| N

Reference diameter d. W mm Torgue M: W Nm

Shearing force Fo | 0.000|N Bendng moment M. | 00000 Nm

Clamping force for sealing F.- ﬁ“o?oﬂ N Coefficent of friction between — 0. lStBj

Bokt data

Boktype  €Hexagon head screw with shank (3 B) EN 150 014 3 v

Reference diameter d ' 16.0000| mm Surface roughness of thread N7 Rz=8.0 (Turned with diamond) v]

Bok length | mm Surface roughness of bearing surface N7 Rz=8.0 (Turned with diamond) VJ
Defire. .. Strength class v

Type of bolting Washer Tightening technique

© 8lind hole Define... [7] under bok head Define... Dynamometric key (with quess of coefficient of friction) ¥

® [ under nut Define... | Tightsning factor | 16000

30




Bokt data

Bolt type iHaxogon head screw A B) EN ISO 4014 v
Reference diameter d “ zz.oono‘ mm Surface roughness of thread N7 R2=8,0 (Turned with diamond) v

Bok length I ] 80.0000 | mm Surface roughness of bearing surface N7 Rz=8.0 (Turned with damond) ¥
Define... Strength class 10.9 -

Figure 2.2-1: Using the sizing button will result in a proposal for the bolt diameter (based on VDI2230), here, M18.

31



The nominal bolt diameter can be changed manually, here to 16mm.

Bolt data

Bolt type Hexagon head screw with shank (4 B) EN 150 4014 VI
Reference diameter d C 160000 | mm Surface roughness of thread N7 Rz=8.0 (Turned with diamarnd) vi
Bolt kength | B0.0000 | mm E] Surface roughness of bearing surface N7 Rzs=8.0 (Turned with damond) VI

Defire, ., Strength class 10.9 v

Figure 2.2-3: Nominal bolt diameter set to 16mm.

2.3 Definition of washer and nut

Under the tab ‘Basic data’ the settings for the washer and the nut can be set as follows:

Type of bolting Tightening technique

) Biind hole

:D';.-'namu:-metric key (with guess of coefficient of friction) L

Tightening factor 16000 (2]

Figure 2.3-1: Call of program module definition.
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T R e R Tl e R o T e e T T S e T A e

M Define washer r)-(|
Norm DIN EN 1SO 7089:2000
M Define nut rgl
Outside diameter d 29,4800 mm
Standard
Inside diameter d 17,2700 mm
Outside diameter d 22.5&!); mm Dicke h 3,0000  mm
Inside diameter d. 17.3000 | mm ’
f Surface roughness N8 Rz=16 (Milling) v
Thickness m | 14,8000 | mm ‘
: : E-Module E 205000,0000  Nfmm?
Surface roughness |NS Rz=16 (Milng) vi Permissible surface pressure 3 1250,0000 ' Njmem?
Lo J[ concel | | ok || concel |
h f dard or defi ; ;
Choose nut from standard or define own geometry Defining the washer (once for the washer underneath the

nut, once for underneath the bolt head). Choose from
standard or define own geometry.

Figure 2.3-2: Detailed input on nut, washer and flange geometry.
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Basic data | (Qlanped party) | Entries |

lﬁﬂﬂfﬁnt of annulus < e— v @ ‘ﬂn] [ Bore. .. ]
Material Surface roughness

- EN-GIL-250 (GG 25), Cast iron flake graphite, untreated, YDI 2230 {2003)

M7 Rz=8.0 (Turned with diamord)

34 CrNiMa & (1), Through hardened steel, alloyed, through hardensd, YOI 2230 (2003)
N7 Rz=8,0 {Turned with diamaond)

<

Clamping length (without washer) | 40,0000 | mm
Distance for eccentric load)clamping Load application
Load application a 0.0000 mim Load introduction Factor
Bolt &xis s | 0.0000 | mm Bolkking type
Edge distance of the paint of splitting u U.m. i Length of connected solid
Distances measured from the axis through center of gravity Distance of connected solid

1

Definition of Bore

geometrical
definition of the
segment of annulus

Choice of the type
here “segment of
annulus”

— Input of material and

depth of layer

add a new depth of
layer: “+”
deled depth of layer:

[T

clear all: “x”

T~ .
Application of force

is according to figure

SV3 (Use .,i* button
for figures)
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=¥ KISSsoft - Bolts according to VDI 2230 [MO4] - Unknown

Fle Proect Vew Calulston Report  Graphics Extras  Help
Y i
J 2k
Release 05-2007
Modules Clarped parts | Ertries
» Shaft-HubCo
= Interfererce
@ Cyindncalinterf
@ Conca rerfers cormection wih torque and Forces (mukple bolts) v
© Keys (M02a] Nurer of 12 Audal ferco (minfmax) F, 0.0000| | 10000.0000 N
8 Spined shaft [MO2b)
@ Splres [MO2C) Petererce diareter d 268,0000 | mm Torque M, nwo.ooooi N
© Polygon [Mo2d) :
© Wooduff keys [MO2e) Shearing force F 0,0000 N Bendng moment M 0.000UI Nm
Prs (MO3 f
¥ “[' [,.;l“] Clamping force for sasing F. 0.0000 N Coaffickert of friction betwesn O.ISOOi
T welded yoints [M0&0] ‘
" Gued and soldered jorts Bok data
= Spnings | :
8 Comor o springs [F0. ¥ Bolt type Hexagon head screw with shank (A B) EN 150 4014 v
Modules | Projects Refererce diameter d 16,0000 mm a Surface roughness of thread N7 Rz=8.0 (Turned wkh diamerd) W
Conterts & x Bolt length | 65,0000 mm . Surface roughness of bearng surface N7 Rz=8.0 (Turned wkh diamend) ¥
& General T e e
& Conmeclions Defre,., Strength class 109 v |l
& Beks
#® Springs Type of balting Vasher Tightening techrique
4 Shafts and Bearngs - ghtening techriq ;
& Gears © 8ind hole Gefine under bok head Defe... Dynamomettic key (with guess of coefficient of Friction) v
% Addtonal caodation moduies ! [oetre.. ] |
& KISSsys N Define. .. under nut Defie... Tightening factor 1,6000 =
ovene: Do aphy and ndes ® -
Resuks 8 X Graphics 8 x
Forces and torques | PB Clampi
-2 mpin v
Requred preload (minfmax) 64411.73 10308877 N H J 2 —
Necessary tightening torgue (mindmax) 200.36 262,35 Nm 120. g @
etension fovce
Safeties :
Bolt Pressure Alternating load Glidng J 40.0
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Moddes 8 x , : X
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@ Hydrodyname sda .. File
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¥ solts [Mo40]
T Welded jorts [M020)
"B Gliod and soldered forks Bolts according to VDI 2230 [MO4)
= Spnngs
B Compression sprngs [0 1OVrS :
a ps (FU20] Comfiguration: Flangs coamection with torque and forces (multiple bolts)
B Leg sprngs [FO30) Calowlarion using assembly Teuperature
FE Dok springs [F040) v Assenbly tesperature ('C) 17 20.00
Thread standard Srandard thread
Modules | Projects Lable nie
lead |mm) v Z.00
Contonts 8 x Flark sngle (*) [beta) 60. 00
Feference diameter (mn) 1d] 16.00
# Genera Flark dismeter (mm) 1421 14.70
4 Comrecbons core (mm) 43) 13,88
+ Sptings Nominal cross section of thread (ma') LAN] 20L. 08
3 Goors Core cross section of the thread (mm?®) |Ad3) 144,12
Thread production Final heat trested
Appendix: Bitliography and Index Sur face roughness (um) [Rz) 8.00
dxial force at flange (N) |¥al)/Fal] 0.00 / 10000, 00
Shearing force at flange (W) [Fgl 0.00
Torque st flangs (N me] 13000, 00
Bending noment at flange (M) [Tto] 0. 00 o
Mininal clamviny force for sealinat, (M 1¥dl 0. 00 '
< |
Rests 8 X/ Graphics. &
Forces and torques H ’Lé E: g Aok
Requrad prafoad (minfmax) £4613.70 103331.92 N H_
Necessary bghtenng torgue (minfmas) 140.71 225.13 Nm Claﬁﬁhg
1 Pretersion force
Safeties
Bolt Pressae Alternating load Gidng SRR s e res i anad e ot sl s g pdicisnas
1.37 1.8 175,43 1.21
S | 11.0C
Contents | index Resuts | Messsges | Information < >

CONSISTENT |

Figure 3.1-3: show the report display and selection other graphics

37



A todos los PRESENTES,
MUCHAS GRACIAS por su atencion.
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FORO DOCENTE DEL AREA MECANICA DE LAS INGENIERIAS Lyt

el RECONOCIMIENTO por brindar este espacio de

encuentro y comunicacion.
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