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Vorwort 3

Vorwort

Das Buch TECHNISCHES ENGLISCH zur FACHKUNDE METALL dient zum systematischen Erlernen des tech-
nischen Englisch fiir die metalltechnischen Berufe.

Es erfullt damit die Forderung der Rahmenlehrplane zur Erlangung der sprachlichen Kompetenz in techni-
schem Englisch im Berufsfeld der metalltechnischen Berufe: Werkzeug- und Industriemechaniker, Feinwerk-,
Fertigungs- und Zerspanungsmechaniker sowie der entsprechenden Meister und Techniker des Berufsfeldes.

Auch fiir Schuler technischer Gymnasien, fiir Praktikanten und Studierende der Fachrichtung Maschinenbau
sowie flir Praktiker in der metallverarbeitenden Industrie und im Metallhandwerk ist es geeignet.

Voraussetzung des Lernens und Arbeitens mit dem Buch TECHNISCHES ENGLISCH zur FACHKUNDE METALL
sind Grundkenntnisse des Englischen, die einem mittlerem Schulabschluss (Sekundarstufe 1) entsprechen und
im Europaischen Fremdsprachen-Referenzrahmen in A2/B1 eingeordnet werden konnen.

Das Buch basiert auf den Inhalten wesentlicher Kapitel der FACHKUNDE METALL.

Es kann begleitend zum Unterricht mit der FACHKUNDE METALL oder anderen Lehrwerken des Berufs-
bereichs eingesetzt werden. Zu empfehlen ist z. B. nach der Einfiihrung der Fachinhalte im deutschen Fachkun-
deunterricht der Einsatz des Buches TECHNISCHES ENGLISCH zur FACHKUNDE METALL zur Vertiefung und
Festigung der Fachinhalte in englischer Sprache.

Eine weitere Vertiefung der Englisch-Kompetenz ist durch ein paralleles Arbeiten mit einem englisch-sprachi-
gen Tabellenbuch, wie z.B. MECHANICAL AND METAL TRADES HANDBOOK des Verlags Europa-Lehrmittel,
moglich.

Die Lerneinheiten im Buch TECHNISCHES ENGLISCH zur FACHKUNDE METALL werden in derselben Reihen-
folge wie im Buch FACHKUNDE METALL dargeboten.

Es handelt sich beim Buch TECHNISCHES ENGLISCH zur FACHKUNDE METALL jedoch nicht um eine Uber-
setzung der entsprechenden Kapitel und Inhalte aus dem Buch FACHKUNDE METALL.

Im Buch TECHNISCHES ENGLISCH zur FACHKUNDE METALL ist der Inhalt der jeweiligen Kapitel in Englisch
in einem Konzentrat zusammengefasst. Darin werden die Fachausdriicke des Sachgebiets, wichtige Rede-
wendungen und die erforderlichen englischen Sachwarter eingefiihrt und vertieft.

Durch die erworbene Sprachkompetenz beim Arbeiten mit dem Buch ist auch das Lesen undVerstehen anderer
Texte zu diesem Sachgebiet mdglich.

Das Buch TECHNISCHES ENGLISCH zur FACHKUNDE METALL ist in Lerneinheiten gegliedert, die einem
technischen Sachgebiet entsprechen. Die imText der Lerneinheit neu verwendeten englischen Fachausdrticke
werden am rechten Rand der Seite in einem Kurzworterbuch (Words) mit deutscher Ubersetzung genannt.
Dadurch ist ein zugiges Erarbeiten desTextes und der Inhalte ohne Umblattern oder zeitraubendes Suchen in
einem Worterbuch oder einem Ubersetzungsprogramm des Internets moglich. Der Lernende kann sich voll auf
das Verstehen desTextes konzentrieren.

Jede Lerneinheit des Buches enthalt vielfiltige Ubungen (Exercises) mit unterschiedlichem Schwierigkeits-
grad zu den technischen Inhalten der Lerneinheit. Mit ihrer Hilfe kann die Englischkompetenz zum Sachthe-
ma vertieft und/oder geprift werden. Die Aufgabentypen decken auch Teilkompetenzen (Comprehension,
Writing, Mediation) ab, die zur Vorbereitung der KMK-Zertifikatsprifung Englisch dienen kdnnen.

Am Ende des Buches befindet sich ein Dictionary Englisch — Deutsch sowie ein Wérterbuch Deutsch — Englisch
mit sémtlichen im Buch verwendeten Fachwortern. Dies ermoglicht auch die Bearbeitung fremderTexte zu den
im Buch behandelten Sachgebieten.

Die Englischschreibung entspricht dem britischen Englisch.

In der vorliegenden 2. Auflage wurde ein Anhang eingefligt (Seite 102). Er enthalt die englischen Zahlworter,
Ordnungs-, Dezimal- und Bruchzahlen sowie die mathematischen Operatoren.

Die Autoren und der Verlag sind allen Nutzern des Buches fir kritisch-konstruktive Hinweise und Verbesse-
rungsvorschldge dankbar. Bitte senden Sie Ihre Hinweise per E-Mail an: Lektorat@europa-lehrmittel.de.

Sommer 2018 Die Autoren, der Verlag



4 Table of Contents
Table of Contents
Inhaltsverzeichnis
1 Measuring technique................ 6 35 Reforming ........................... 30
Priftechnik Umformen
1.1 Physical quantities and units ............ 6 3.6 Basics of metal-cutting manufacturing ... 32
Physikalische GréRen und Einheiten Grundlagen der spanenden Fertigung
1.2 Fundamentals of measuring technique . ... 8 3.7 Filing and sawingby hand .............. 33
Grundlagen der Messtechnik Feilen und Handsagen
1.3 Length Measuring Instruments .......... 10 3.8 Cutting materials ..................... 34
Langenmessgerate Schneidestoffe
1.4 Vemiercalliper ....................... 12 3.9 Cooling lubricants for cutting ........... 35
Messschieber Kihlschmierstoffe zum Spanen
1.5 Micrometer (screw gauge) .............. 13 310 Drilling ... 36
Bligelmessschraube Bohren
1.6 Surfacetesting ....................... 14 3.1 Tapping ... 38
Oberflachenprifung Gewindebohren
1.7 Fits ..ot 16 3.12 Countersinking (counterboring) ......... 38
Passungen Senken
1.8 FitSystems .......................... 17 313Tuming . ........... ... 39
Passungssysteme Drehen
314 Milling .......... .. 42
. Frasen
2 8“?.Il.ty management............... 18 315 Grinding . ............. .. ... . 0. 44
ua. |tatsmana-gement Schleifen
21 gasmglof quat;ltygarll_agement """"" 18 3.16 Overview of joining technologies . ... .... 45
run- agen des Qualitatsmanagements Uberblick der Verbindungstechniken
22 Quality t00ls - oo 19 347 Welding ... 46
ua |tatS\fver- zeu-ge SchweiRen
23 II:IIormaII dlstr!:outlon """""""""" 20 3.18 Assembly technique . .................. 48
ormalverteilung Montagetechnik
2.4 Statistical characteristics of data
quantities ................ ... . 0., 21
Statistische Kennwerte von Datenmengen 4 Material engineering ............... 50
25 Machinecapability .................... 22 Werkstofftechnik
Maschinenféhigkeit 4.1 Overview of materials ................. 50
2.6 Processcapability ..................... 23 Uberblick der Werkstoffe
Prozessfahigkeit 4.2 Important properties of materials . . . . . . .. 52
2.7 Statistical process control with quality Wichtige Werkstoffeigenschaften
controlchart ......................... 24 4.3 Designation system forsteels ........... 54
Statistische Prozessregelung mit Bezeichnungssystem fiir Stahle
Qualitatsregelkarten 4.4 Steel groups and their applications . ..... 56
Stahlgruppen und ihre Anwendungen
3 Production engineering ............ 26 4.5 Semi-finished steel products . ........... 58
Fertigungstechnik Stahl-Halbzeuge
3.1 Safetyatwork ...............cooiin... 26 4.6 Castironmaterials .................... 59
Grundlagen des Qualititsmanagements Gusseisen-Werkstoffe
3.2 Prevention of accidents ................ 27 4.7 Lightmetals ......................... 60
Vermeidung von Unfallen Leichtmetalle
3.3 Overview of manufacturing processes . ... 28 48 Heavymetals ........................ 62
Uberblick der Herstellungsverfahren Schwermetalle
B4 Casting ........ooooenieei, 29 49 Sinteredmaterials .................... 63

Giel3en

Sinterwerkstoffe



Table of Contents 5
4.10 Heat treatmentofsteels ............... 64 7 Technical communication.......... 98
Warmebehandlung der Stahle Technische Kommunikation
Korrosion und Korrosionsschutz 71 Technicaldrawings .................... 98

41

412

5.1

5.2

5.3

5.4

5.5

5.6

5.7

5.8

5.9

5.10

5.1

6.1

6.2

6.3

6.4

6.5

Corrosion and corrosion protection .. .... 66
Kunststoffe

Plastics . ............. ... L. 68
Mechanical engineering............ 70
Maschinentechnik

Classification of machines .............. 70
Einteilung der Maschinen

Functional units of machines ........... 72
Funktionseinheiten der Maschine

Screw connections . ................... 74
Schraubenverbindungen

Shaft-hub connections .. ............... 76
Welle-Nabe-Verbindungen

Friction and lubricants ................. 78
Reibung und Schmierstoffe

Bearings ................ ... . ... ... 80
Lager
Seals......... ... ... 82
Dichtungen

Shafts, axles, couplings ................ 84
Wellen, Achsen, Kupplungen

GearS .......iii e 86
Getriebe

Electricmotors ....................... 88
Elektrische Motoren

Maintenance ......................... 90
Instandhaltung

Electrical engineering .............. 92
Elektrotechnik

Electrotechnical basics ... .............. 92
Elektrotechnische Grundlagen

Types of current and electric networks ... 94
Stromarten und elektrische Leitungsnetze
Electric work and electric power ......... 95
Elektrische Arbeit und elektrische Leistung
Faults in electrical systems ............. 96

Fehler an elektrischen Anlagen

Protection measures
Schutzmalnahmen

Technische Zeichnungen

72 Presentation of technical relationships .. 100
Darstellung technischer Zusammenhéange

Appendix 102
Anhang

Englishnumerals . ........................ 102
Englische Zahlworter

Fractionalnumbers .. ..................... 103
Bruchzahlen

Muliples. . .......... .. 103
Vervielfaltigungszahlen

Mathematical operators ................... 103

Mathematische Operatoren

Dictionary English-German. . .............. 104
Woérterbuch Englisch — Deutsch
Dictionary German - English. ... ............ 121

Worterbuch Deutsch — Englisch



Measuring technique

1 Measuring technique

1.1 Physical quantities and units

The properties, states and processes of an object, which can be

measured, are called physical quantities (figure).

length (diameter)

mass

o

velocity =

Vo RNNToY

;
;

length (displacement) s

time t

t
—

1(s)

Base quantities

The base quantities are described in accordance to DIN 1304 by

T for temperature and so on.

The value of a physical quantity is written in abbreviated form by
a letter and equals the product of a numerical value and a unit.

Example:

A workpiece has a diameter d of 28.00 mm (figure): = d=28.00 mm
The expression consists of:
d physical quantity (d stands for diameter)

28.00 numerical value

mm unit for length (mm stands for

millimeter)

Units

Every physical quantity
has a certain unit. The
International System of
Units Sl is based on
seven basic quantities
(table). These
quantities cannot
transferred into
other quantity.
They form the basis for
other derived quanti-
ties.

basic
be
an-

Exercises

a) Every material has certain

Words

measuring technique
physical quantity(-ies)
unit

property (-ies)

state

process

length

diameter

mass

velocity

time

displacement

Messtechnik

physikalische GréRe(n)

Einheit
Eigenschaft(en)
Zustand
Vorgang

Lange
Durchmesser
Masse
Geschwindigkeit
Zeit

Weg, Strecke

base quantity Basiseinheit
to describe bezeichnen
a defined symbol (quantity symbol), for example / for length, | inaccordance gemald
s for displacement, m for mass, t for time, I for electric current, | defined festgelegt
electric current Elektrischer Strom
value Wert
abbreviated form Kurzform
letter Buchstabe
to equal gleichen
product Produkt
numerical value Zahlenwert
y example Beispiel
8 workpiece Werkstlick
0 a
N diameter Durchmesser
- expression Ausdruck
System of Units Sl SI-Einheitensystem
to base on basieren auf
Table: Base quantities and base units in table Tabelle
accordance to Sl to transfer umrechnen
Base Quantity Base unit derived quantity abgeleitete GroRe
quantity symbol | Name | Symbol quantity symbol Formelzeichen
Length l.ds -metre m amount of substance  Stoffmenge
Mass m kilogram kg . . . . ..
- luminous intensity Lichtstarke
Time t second S
Electric 1 Ampere A second Sekunde
current speed Geschwindigkeit
Temperature T Kelvin K to define definieren
Amount of n mole mol to answer beantworten
substance following folgende
Luminous 1, Candela cd .
intensity questions Fragen
1. Working with words. Which words from the text are described here?
for example it can be very hard.
it with an

b) In order to find out the correct diameter of a workpiece, you need to

instrument.

c) The speed of a car is also called

2. Define physical quantities in German by using the information from the text above.

3. Answer the following questions in English.

a) Which two elements does a physical quantity have? Find an example to explain it.
b) Which 7 base quantities does the International System of Units IS define?
c) What is the difference between base quantities and derived quantities?




Physical quantities and units

Prefixes

It is easier to use deci-
mal multiples or factors
in front of units to avoid
very high or low values
(table).

Example: The length of a
shaft is 0.030 m.

The prefix milli (m) is
added: /=30.00 mm

Table: Prefixes for decimal multiples and
factors of units
Prefix Meaning Factor

M mega | millionfold |10 = 1000000
k  kilo | thousandfold| 103 = 1000
h hecto | hundredfold | 102 = 100
da deca tenfold 10" = 10
d deci tenth 10"= 0.1
¢ centi hundredth |102= 0.01
m milli | thousandth |102= 0.001
p  micro millionth | 10®= 0.000001

Derived quantities and units

Derived quantities are needed to describe physical properties of
materials or processes in machines and production. The derived
units are determined by a formula and consist of two or more

base units (table).

Table: Examples for derived quantities and units
Derived Derived Unit Relationship Definition of the
quantity unit symbol (formula) derived unit
Volumen V | Cubic m3 |V=I1-b-h One cubic metre
meter M=1Tm-1Tm-1m
=1m?d
Force F Newton N F=m-a kg - m One kilogram
[FI=1N=1 92 times metre per
s (over) square
second
Work W Joule J W=F-s One Newton times|
[WI=1N-m one meter

Example: The volume is calculated by the formula V=1-b- h

The volume equals the length times the width, times
the height (e.g. V=2m -3 m -4 m =24 md

The unit of the volume Vresults from inserting the base
units into the formula:

[VI=[I]-[b]-[h] =m - m - m=m3(cubic metre)

Imperial Units

Imperial units (Non SI-Units) are used in Great Britain and in the
USA. This is a traditional measuring system, in which short dis-
tance units are based on standardised dimensions of the human

body, e.g. one inch represents the width of a thumb. The foot
(=12 inches) is the length of a human foot. These countries have
also different units for weight, mass and temperature.

The imperial units can be converted into the Sl-Units.

Example: 1 inch(in/”) =25.4 mm

1 foot(ft)
1 mile (mi)

Exercises

= 1.609 km

1 pound (pd)

=0.3048 m 1 barrel(bl)
1° Fahrenheit(F) =-17.77 °C

=453.6g
= 158.8 dm?

Words
prefix Vorsatz
decimal multiples dezimale Vielfache
in front of vor
to avoid vermeiden
high grof3, hoch
low niedrig
millionfold Millionenfaches
tenth Zehntel
shaft Welle
to add hinzufiigen
to need bendtigen
process Prozess
to determine bestimmen
formula Formel
to consist of bestehen aus
relationship Beziehung

times

per (over)
force

square second
times

work

to calculate
equals
width

height

to result

to insert
imperial unit

bar

Great Britain
standardised dimension
human body

e.g. (for example)
thumb

foot

weight

to convert
tension

pressure

rod

density

turning tool

feed velocity

multipliziert mit (mal)
dividiert durch

Kraft

Quadrat Sekunde
mal

Arbeit

berechnen
entspricht, ist gleich
Breite

Hohe

(sich) ergeben
einsetzen
britisch-amerikanische
Mafleinheit

Stange
GrofRbritannien
festgelegtes Mal3
menschlicher Kérper
z.B. (zum Beispiel)
Daumen

Ful3

Gewicht

umrechnen
Spannung

Druck

Stab

Dichte

Drehmeil3el
Vorschub-
geschwindigkeit

1. Write down the formula and explain the correct derived units. (Use your Metal Trades Handbook)

a) pressure p
d) tension o

b) velocity v

e) electrical energy W

c) density ¢
f) frequency f

2. Convert the measurements from imperial units into metric units. (Use your Handbook)
b) 3,300 ft in metres

a) 120 miles in km

d) 4.5 ounces in kilogram

e) 'Yginch in mm

3. Calculate the physical quantities by using SlI-Units.
a) A compact disc (CD) has a diameter of 120 mm. Calculate the area in mm?.
b) The volume of a steel rod is 0.5 dm® and has a density of 7.85 kg/dm?. Calculate the mass in kg.
¢) A turning tool moves 9.3 cm in a time of 3 seconds. Calculate the feed velocity in mm/s.

c) 1/, pints in litres
f) 22.5 pounds in kg
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Measuring technique

1.2 Fundamentals of measuring technique

If components are produced in a [glge rail 22
workshop, e.g. a slide rail (figure), © 7 %o
the dimensions of the workpiece s \>
must be given precisely. Important ﬁL

dimensions of the slide rail are the

length of 22 mm, the height of 24.5
mm, the angle of 90° and the internal
diameters of 6.6 mm and 11 mm.

211

24.5

In order to measure these features, different inspection aids are
needed (figure). They can be divided into three main categories:
measuring devices, gauges and auxiliary aids.

( Inspection equipments

Measuring devices

Gauges Auxiliary aids

Dimensional Indicative
representa- measuring 1
tives devices

radius gauge prism block

folding meter
(folding rule)

tape rule

dial indicator

With some measuring devices you compare a certain dimension,
such as the height of 24.56 mm with a scale of a measuring device.
These instruments are called dimensional representations, e.g.
steel rules or folding meter.

If you read the dimension from a scale of the measuring device
you use an indicative measuring device, such as a vernier cal-
liper, a protractor, or a micrometer.

With gauges you can test e.g. the diameter of a @ 6.6 mm hole
(bore) with a plug limit gauge, or you can check the radius of R9
by a radius gauge.

Exercises

Words
fundamentals Grundlagen
measuring technique  Messtechnik
component Bauteil
workshop Werkstatt
slide rail Flihrungsschiene
precise prazise, genau
important wichtig
angle Winkel
internal diameter Innendurchmesser
feature Grolde
different unterschiedlich
inspection aid Messmittel
to divide unterscheiden

category (-ies)
measuring device
gauge

auxiliary aid
dimensional repre-
sentative
indicative measuring
devices

steel rule

folding meter
(folding rule)
tape rule

vernier calliper
dial indicator
snap gauge
radius gauge
vice

prism block

to compare

scale

protractor
micrometer

to test

hole (bore)

plug limit gauge
groove

result

Bereich, Kategorie
Messgerat

Lehre

Hilfsmittel
Malverkorperung

anzeigende
Messgerate
Stahlmalstab
Gliedermal3stab

Bandmalstab
Messschieber
Messuhr
Rachenlehre
Radienlehre
Schraubstock
Prisma, V-Block
vergleichen
Skala

Universalwinkelmesser

Biigelmessschraube
prifen
Loch/Bohrung
Grenzlehrdorn

Nut

Ergebnis

1. Translate the following inspection aids and name the main group of these devices.
c) folding rule
f) vernier calliper

b) prism block
e) snap gauge

a) plug limit gauge
d) micrometer

2. Name the correct inspection aid to find out these measurements.

a) the diameter of a shaft of
22 mm

d) the hole of @ 20 mm

3. Answer the questions in English.
a) What are dimensional representatives?

b) the length of a rail of 1.80 m

e) the depth of 10 mm of a groove

b) Which result do you get when you use a gauge? Give an example.
¢) Which result do you get when you use an indicative measuring device? Give an example.

d) When do you need an auxiliary help? Give an example.

c) the angle of 120°

f) the radius R5




Fundamentals of measuring technique

Measuring errors

The indicated values of a measuring instrument are afflicted with Words
dlffere.nt measuring errors. The errors can be caused by: measuring error

— Deviation of the standard temperature of 20 °C indicatedl alne

Operator variations: to be afflicted with

- thin workpieces could be deformed by a high measuring force | deviation
- parallax error is due to the incorrect eye position when read- | operatorvariation

. hin
ing the scale '
. .. . . to be deformed
Measuring errors can be divided into two categories: measuring force

Systematic errors: They are caused by constant variations, such | paraliax error
as the temperature in the workshop, the measuring force or an | to be due to
inaccurate scale or wear of the measuring instrument. Systematic | reading

errors can be avoided by eliminating the cause of the error, such | systematic error
as a proper calibration of the measuring instrument.

.. to be caused b
Random errors are caused by unknown variations, such as an un- inaccurate v

intended change in temperature or measuring force or parallax | .
error. They can be reduced by repeating the measurement for a |, .,0id
few times and using a calculated mean value. to eliminate

Measuring capability calibration
If you need to measure a workpiece, it is difficult to know which
measuring instrument should be used. The correct choice of meas-

random error

. . . . . unknown
uring device saves time, money and can provide you with an ac- Unintended
curate result. P
The chc_)ice .Of a suitable [Taple: Range of measuring and uncer- mean value
measuring instrument for tainty of measuring instruments measuring capability
a certain measuring task Measuring | Measuring | Measuring choice
depends on the required instrument range uncertainty measuring device
accuracy and the dimen- Calliper to save
i i to provide
sion of the workpiece. o1 U'> 50 um
: ...1560 mm accurate result
By using your Metal Trade =0.05 mm the choice
Handbook (extract in the | Scaleinterval suitable
; 0.05 mm
table) you can find out the Toromoter R e
uncertainty and the range uncertainty
of the instrument. @jﬁ = required
Example: 80...75 mm 50_0110;2 ra:ge
The uncertainty of me- | Scaleinterval scale interval
4 0.01 mm o
numerical interval

chanical measuring in-

struments is one scale interval. Digital measuring instruments i

common

Messfehler
angezeigter Wert

mit etwas behaftet sein
Abweichung
Ableserabweichung
dinn

verformt sein
Messkraft
Parallaxefehler
bedingt werden durch
Ablesung
systematischer
Messfehler
verursacht werden von
ungenau
Abnutzung/Verschleild
vermeiden
beseitigen
Kalibrierung,
Einstellung
zufalliger Messfehler
unbekannt
unbeabsichtigt
wiederholen
Mittelwert
Messfahigkeit
Auswahl

Messgerat

sparen

liefern

genaues Ergebnis
die Auswahl
geeignet
Messaufgabe
Unsicherheit
gefordert
Messbereich
Skalenteilungswert
Ziffernschrittwert
zuordnen

blich

have an uncertainty of three numerical intervals.

Exercises
1. Match the pictures a) — d) to the type of measuring error (1) — (4). Explain if it is a systematic or a
random error. a e b) d)
4
4(5°C f
Type of measuring error: (1) parallax error (2) wear of measuring surfaces

(3) bad positioning of device (4) high temperature

2. Make a list of six common measuring devices (e.g. steel rule, vernier calliper, gauge block, dial

gauge protractor, etc) and find out their type of inspection aid/range/accuracy.

(Use a webpage of a company for measuring devices e.g. www.mitutoyo.com; www.mahr.de; www.hoffmann.de).

Measuring device Type of inspection aid Range

Accuracy

steel rule dimensional representative 150 -1000 mm

0.5/1 mm
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1.3 Length Measuring Instruments

For measuring the length of a workpiece, there is a variety of test
instruments with different degrees of accuracy.You can measure

the length with a rule or a tape rule and check the size with a

gauge or a gauge block.

Rules (figure) represent the length meas-
urement by the distance of little lines on
a scale. There are different types of rules
available: flexible steel rules, tape rules or
folding meters.

Scales (figure) for the position meas-
urement systems are made of glass or
steel and are operated by the photoelec-
tronic scanning principle. When parallel
light passes through a scale, light and
dark surfaces are projected at a certain
distance and signals are generated.

Straight edges (figure) are used to check
the straightness and flatness. They have
lapped test blades with a high flatness.
These accurate test blades enable the
naked eye to realize different tiny light
gaps. The light gap between the test
blade and the workpiece could be as
small as 2 ym.

Engineer’s squares (figure) are form
gauges and represent mostly an angle
of90°.They are used to check the perpen-
dicularity and flatness of surfaces. Be-
sides, cylindrical or flat surfaces can be

adjusted.

Steel rule
1 2 3 4 5 6 29 30
e A R e

Impulse scale

Iifn

<=>

Words

Straight edges
I I

Convex Concave

test blade test blade

Engineer’s square

LI

The measuring tubes can have dimensions up to 100 x 70 mm
with a class of accuracy of 00.The limit of perpendicularity devia-

tionis only 3 pm.
Gauges represent certain dimensions or
geometric forms (figure).

Measurement gauges come in sets, e.g.
gauge blocks or test pins.

Form gauges can check angles, radii and
threads using the light gap method.

Plug gauges and snap gauges represent
the admissible maximum and minimum

limitdimension. Some gauges represent
also the form, e.g. to test the cylindrical

Gauges

Measure-
ment
gauge

D

Z

gauge %_///‘\\\

form of a bore as well as the dimension of the hole.

Exercises

degree of accuracy
rule

tape rule

size

gauge

gauge block

to represent
distance

folding meter

scale

position measurement

system

to operate
scanning principle
impulse scale
light

dark

surface

to project

to generate
straight edge
straightness
flatness

lapped

test blade

naked eye

tiny

light gap
engineer’s square
perpendicularity
to adjust
measuring tube
class of accuracy
test pin

thread

plug gauge

snap gauge
admissible
absolute scale

to mention

Genauigkeitsgrad
Lineal

MaRband

GroBBe

Lehre

Endmald
darstellen
Entfernung
Meterstab
MaRstab
Wegmesssystem

bedienen, arbeiten
Abtast-Prinzip
Impulsmalstab
hell

dunkel
Flache/Feld
projizieren
erzeugen
Haarlineal
Geradheit
Ebenheit

gelappt
Messflache

mit bloRem Auge
winzig

Lichtspalt
Haarwinkel
Rechtwinkligkeit
einstellen
Messschenkel
Genauigkeitsklasse
Prifstift

Gewinde
Lehrdorn
Rachenlehre
zulassig
Absolutmalistab

nennen

1. Match the correct expression of the following measuring devices to the pictures at the right.

a) absolute scale
d) folding rule

b) flexible steel rule
e) impulse scale

2. Answer the questions below in English.

a) What is the difference between measuring instruments and gauges?
b) Why do straight edges and engineer’s squares have lapped test blades?

¢) What can you check with straight edges?

d) What is the light gap method?

e) Mention 3 different types of gauges and choose a certain measure-

ment of a workpiece which can be checked by them.

c) tape rule

oW N
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Working with plug gauges, sna

auges and gauge blocks

The specified limits of bores of toleranced workpieces can be
checked by plug gauges. Snap gauges or ring gauges are used

to test the specified limits of shafts.

Plug gauges (figure)

When using a cylindrical plug gauge, the diameter of one side,
the Go should enter while the No Go should fail to enter the hole.
As a result, it is stated to be within the specified limits.

Cylindrical plug gauges are made from
alloyed steel or tungsten carbide. They
are ground and lapped.They can be pro-
duced to any size up to 250 mm diam-
eter.

The Go side should slide into the bore
by its own weight. A minimal insertion
of the No Go gauge may be tolerated at
the entry fit. The Go side is longer and
often has carbide inserts to reduce the

Words -

Using plug gauges
Go No Go

wear of the surface.The No Go side is shorter, marked with a red

ring and shows the maximum limit size.

Snap gauges (figure)

The Go side represents the maximum
limit size. It must slide over the meas-
ured surface by its own weight. The No
Go member is smaller and should fail to
slide over the surface. It has slightly an-
gled measuring surfaces, which are red
and show the minimum limit size.

Gauge blocks

Gauge blocks are the most important
and precise dimensional representa-
tions. They are usually made in sets
of rectangular, square or angular steel
blocks or ceramic blocks (figure). Each
block has two opposite faces lapped flat

Using a snap gauge

Using a gauge block

gauge
block

work-

piece

and parallel to a definite size within an extremely tight tolerance.
In order to assemble a gauge block stack of a certain size, you

first write down the correct combination of gauge blocks for these
dimensions. Tip: start with the smallest available gauge block.

plug gauge
snap gauge
gauge block
specified limit
ring gauge
shaft
diameter

Go side

to enter

No Go side
to fail

result

to state
alloyed steel
tungsten carbide

to grind, ground
to lap

to slide

own weight
minimal insertion
to tolerate

entry fit

carbide insert
wear

surface

to designate
maximum limit size
slightly angled
rectangular
square

angular

opposite

definite size

tight

to assemble

Grenzlehrdorn
Grenzrachenlehre
Endmal3
Grenzmal3e
Lehrring

Welle
Durchmesser
Gutseite
eindringen
Ausschussseite
scheitern
Ergebnis
feststellen
legierter Stahl
Wolframkarbid, Hart-
metall

schleifen, geschliffen
lappen

gleiten
Eigengewicht
Anschnabelung
tolerieren
Ansatz-Passung
Hartmetalleinsatz
Abnutzung, Verschleill
Oberflache
beschriften
Hochst-Grenzmal3
leicht angeschragt
viereckig
quadratisch
winkelig
gegenuberliegend
bestimmte GroRRe
eng
zusammenstellen

gauge block stack Endmalstapel
Example: Assemble a gauge block [ Gauge block combination available verfligbar
stack for the dimension: 57005 mm. | 1. Gauge block 1.005 mm to tick ankreuzen
Careful: There is no gauge block %: 82332 E:ggt 58:888 Tm| | mating passend
Of 0-005 mm. It WOU|d bl‘eak' Total dimension 57005 mm to create herStellen
Exercises
1. Find the correct answer of the questions and tick it in the table below )
a) Atoleranceisa ... clearance between a measurement error variation in

shaft/mating bore

manufacturing

b) Which of the follow-
ing statement of plug
gauges is true (only 1)?

The Go side is smaller
than the No Go side
of the plug gauge.

Only slight pressure is
needed to slide the Go
member into the bore.

The No Go member
is designated with the
minimum limit size.

¢) Which of the follow-
ing statement of snap
gauges is true (only 1)?

The Go member
should fail to slide
into the bore.

The Go member is
marked in red.

The Go member
doesn’t represent the
minimum limit size.

2. Create a stack of gauge blocks and write down the combination of blocks.

a) 42.123 mm

b) 74.357 mm

c) 81.685 mm
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1.4 Vemnier calliper

The vernier calliper, also called sliding calliper or shortly calliper, is the most common precision measuring
instrument used in mechanical engineering. It can be used to measure internal and external measures as well
as the depth of e.g. holes or grooves of parts. There are mechanical and digital callipers. The mechanical cal-
liper is more difficult to read. A digital calliper has a display to show the measurement.

The mechanical calliper, used in Germany and in other countries of the EU, has a metric scale with /1o, /20 or
/5o mm nonius. In the United Kingdom and USA, it has an imperial scale with an inch nonius.

A mechanical calliper consists of a bar which shows the amount of millimetres (figure). It has two jaws; a mov-

able jaw and a fixed measuring jaw. The workpiece is placed between the fixed and movable jaw.

work- Mechanical calliper
i ~ internal
piece
/‘/ measuring sliding bar \
jaws /calliper /

\ \ 4
\ nonius scale depth gauge
fixed jaw
4

movable jaw

workpiece

work-
piece

The depth of a workpiece can be checked by the depth gauge.
The width of a groove can be measured by the internal meas-
uring jaws.

The reading of a mechanical calliper is a little difficult. When you
want to find out the exact value, shown on a mechanical calliper,

Words

first read the millimeter mark

. . Reading of a manual calliper
onthe scale of the fixed jaw: 81

fixed jaw

mm (figure). Then look along 81mm |
the ten marks on the scale of
the movable jaw and the mil- JHHWB g

limeter marks on the adjacent )
fixed scale, until you find the
two marks that line up: 0.55

12 3 4 5 6 7 8 980

nonius scale

mm.To get the correct reading,
add the two values: 81 mm + 0.55 mm = 81.55 mm.

Most common today is using a digital calliper. It shows the read-
ing directly on the display (figure). It is much easier and faster to
read. There are no errors in reading precise measuring values.
The accuracy is between 0.01 mm to 0.02 mm.

Additionally, a digital calliper has certain functions:
— Choosing the reading in

mm or inch.

— Reset the zero-point at any
position.

— Presetting tolerances.

— Setting for absolute and
comparison measurements.

— Possibility for a serial data
output to be interfaced with

Digital calliper
Locking screw

Preset
function

Power
on/off

a PC.

vernier calliper
shortly

most common
mechanical engineer-
ing

internal measure
external measure
depth

groove
mechanical cal-
liper

display

nonius

bar

amount

jaw

movable

fixed

to place

depth gauge
reading

mark

adjacent

to line up

digital calliper
accuracy

to choose

to reset
presetting
locking screw

comparison measure-
ment

to interface
least
thickness
possible
nowadays

Messschieber
kurz
gebrauchlichste(r)
Maschinenbau

Innenmal}
AulRenmal3

Tiefe

Nut

mechanischer Mess-
schieber

Anzeige

Nonius

Schiene

Betrag, Anzahl
Schenkel

beweglich

fest, fixiert
platzieren
Tiefenmal3

Ablesen, Ablesewert
Markierung
anschlieBend
Ubereinstimmen
digitaler Messschieber
Genauigkeit
auswahlen
zurlicksetzen
Voreinstellung
Feststellschraube
Unterschiedsmessung

verbinden
wenigsten(s)
Dicke
moglich(e)
heutzutage

Exercises

1. Five of the following six statements are wrong. Find these statements and correct them.

a) A vernier calliper is the least frequently used measuring device in the workshop.

b) A calliper can measure diameters of bores and shafts, the width and thickness of a part.
c) There are three different types of callipers: manual, digital and CNC callipers.
d) With the aid of a /20 nonius a measuring of 0.02 mm is possible.

e) Measurements of 0.001 inch, 0.01, 0.02 and 0.05 mm are also possible.

f) Digital callipers are easier to read, cheaper and more often used nowadays.

2. Translate the example of reading a mechanical calliper into German.
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1.5 Micrometer (screw gauge)

The micrometer can be used to measure even smaller dimen-
sions than the vernier callipers. There are mechanical and digital
micrometers.

The mechanical micrometer (figure below the page) has a main
scale for reading the millimeters and an auxiliary scale for
measuring hundredths of a millimeter.The auxiliary scale ison a
rotary thimble. The main scale is on the sleeve of the microm-
eter. The basic structure of a micrometer is a screw with an
accurately constant pitch. It is the amount by which the thimble
moves forward or backward for one complete revolution.

In order to measure a workpiece, the part is placed between the
two measuring faces, the anvil and the spindle. These parts are
connected by the frame, which is covered by an insulation plate.
The thimble is rotated using the ratchet until the workpiece is
secured. It is locked by three clicks of the ratchet before reading
the measurement. The clicking noise comes from a little spring
which is inside the ratchet. The lock may be used to ensure that
the thimble does not rotate while you read the value.

Example of reading an imperial micrometer (figure):

First read the whole inch marking (1) and
the 25 thousandth-markings (2) on the
scale > 1inch + 0.75 inch

Then read the value (3) on the thimble.
= 0.000 inch

Finally add the three values:
1 inch + 0.75 inch + 0.000 inch
= 1.750 inch

Reading an imperial
micrometer

The digital micrometer
has a similar construc-
tion and mode of opera-
tion as the mechanical
micrometer (figure). The

Digital micrometer

.. MODE
measuring is quicker. Er
’ 3 ~ mm/in ZERO
rors don’t appear as of SET ABS

ten because of the read-

ing of the value on the display. It has an accuracy of 0.01 mm.

The digital micrometer has the same additional functions as the
digital calliper:

— Readings can be displayed in mm and inches.

— Absolute and comparison measurements can be set.

— Tolerances can be preset, zero-point can be reset.

Exercises

1. Label the sketch of the mechanical micrometer
a) to |) by reading the text above.

@ (&) [ I[®

Words -

micrometer/
screw gauge
auxiliary scale
rotary

thimble

main scale
sleeve

basic structure
screw

pitch

to move
forward
backward
complete
revolution
measuring face
anvil

spindle

to connect
frame
insulation plate
ratchet

to secure

to lock

noise

spring

lock

to ensure
marking
thousandth

to add

similar
construction
mode of operation
to appear
accurancy

to label

sketch

Bligelmessschraube

Hilfsskala
drehbar
Skalentrommel
Hauptskale
Skalenhiilse
grundsatzlicher Aufbau
Schraube
(Gewinde-) Steigung
bewegen
vorwarts
rickwarts

ganz, vollstéandig
Umdrehung
Messflache
Amboss

Spindel
verbinden

Bugel
Isolierplatte

hier: Kupplung
fixieren
klemmen
Gerausch

Feder
Spindelfeststellung
sicherstellen
Markierung
Tausendstel
addieren
ahnlichen
Aufbau
Betriebsweise
vorkommen
Genauigkeit
beschriften

Skizze, Zeichnung

2. Read the correct measurements of
the micrometers shown below.

a) in inch

b) in mm

c) ininch
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1.6 Surface testing

In industrial manufacturing the machined surface has a major
influence on the quality and performance of the end product.

The surface texture of a workpiece is the
deviation of a surface from its ideal shape | 1stdegree: form deviation
e.g. perfect flat, cylindrical or spherical | ¢

form. The measure of the surface texture
indicates the form, the waviness and the
roughness (figure).

The form deviation (1st degree of deviation
describes the straightness or roundness of
the part. Deviations from the required form
can result from clamping marks or wear in
the guides of the machine tool.

Waviness (2nd degree deviation) usually relates to the charac-
teristics of an individual machine or to external environmental
factors. It may result from the machine itself, e.g. its vibrations.

The roughness (3rd/4th degree deviation), e.g. grooves or bumps
result from the production process. It is influenced by the geo-
metry or the material structure of the cutting tool and the feed or
the depth of the tool.

The irregularities of a surface can be checked by different mea-
suring instruments. The output of these devices are certain pro-
files.The base of a roughness (R) and waviness (W) profile is the
primary (P) profile.

Form deviations

2nd degree: waviness

N

3rd degree: roughness

N

4th degree: roughness

N

Types of surface testing

Surface roughness comparators are used for touch and sight
comparison. In order to get an accurate measuring result you
need to use the same material of the test specimen and workpiece
and the correct manufacturing technology, e.g. turning, milling,
grinding etc.

You need to scrape the comparator specimen with your fingernail
or use a small copper coin.Then you can compare the surface of
the workpiece with the comparator specimen. If you compare it
visually, you need an optimum light source angle or use a mag-

nifying glass.

Stylus instruments are surface
roughness testers, which record
the peaks and valleys by a dia-
mond stylus (figure). The stylus is
drawn at a constant speed across
the workpiece. The amount to
which the stylus is raised or
lowered is printed in a diagram. It
shows the increased surface pro-
file.

Testing with a stylus instrument
sliding skid

stylus tip

workpiece

Diagram

increased surface profile

Words

machined surface
major
influence
performance
texture
deviation
shape
spherical

to indicate
waviness
roughness
degree
clamping mark
wear

guide

to relate to
characteristic
environmental
groove

bump

feed

depth
irregularity
output

roughness compa-

rator

touch sight com-
parison

turning

milling

grinding

to scrape
fingernail

copper coin

light source angle
magnifying glass
stylus instrument
to record

peak

valley

stylus

to be drawn

to raise

to lower

sliding skid

bearbeitete Oberflache
bedeutend

Einfluss

Leistung

Struktur

Abweichung

Form

kugelférmig
kennzeichnen
Welligkeit

Rauheit

Grad

Einspannkratzer
Abnutzung

Fiihrung
zusammenhéangen
Kennzeichen
umgebungsbedingt
Rille

Erhebung

Vorschub

Tiefe (hier: Zustellung)
UnregelmaRBigkeit
Ausgabe
Oberflachenvergleichs-
muster
Tast-/Sichtvergleich

Drehen

Frasen

Schleifen

kratzen
Fingernagel
Kupfermiinze
Lichteinfallwinkel
Lupe
Tastschnittgerat
aufzeichnen
Spitze

Tal

Tastnadel
gezogen werden
anheben
senken
Gleitkufe

Exercises

1. Complete the missing information about form deviations in the table.

Degrees of form deviation Examples Possible cause

1st degree: form deviation

waves

3rd degree: roughness

Sequence of chip formation surface deformation during fabrication

2. Answer the questions in English.

a) Which surface testing instrument is very quick and easy to use? Why?

b) Explain why you can compare the surface roughness visually and by touching.

c) Describe how a stylus instrument works.
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Surface texture parameters m
The scanned primary profile s , _ Words
. canned primary profile
(figure) shows the total | groove distance : surface texture para-  OberflichenkenngréRe
g __ wave distance |
heights of a surface. scoring distance meter
Filtering the primar rofile DA to scan abtasten
g p Y P
(P-profile) leads to the rough- primary profile Primarprofil
ness profile (R-profile) and the (el (ol Gesamthéhe
waviness profile (W-profile). i
D_ _( P ) “°“9“’;§ﬁ§§1§;‘;'° groove distance Rillenabstand
The R-profile (figure) shows PV”MAWNWWWM wave distance Wellenabstand
the peaks, the valleys around o )
a centre line scoring distance Riefenabstand
The surface texture parameters are mostly calculated by the | roughness profile Rauheitsprofil
R-profile.There are several surface parameters: waviness profile Welligkeitsprofil
R, is widely used in Europe, R, is the most specified U.S. parameter. | peak Spitze
Another parameter is R, (maximum peak to valley height). el Tal
R, (arithmetic average rouc.lhness) considers all peaks and valleys of | ... /e line Mittellinie
the roughness pI’Oflle (f|9' z Arithmetic average roughnes%emre e specified vorgeschriebene
ure). One deep scratch in DA A _ : .
material is neutralised and s e ook X arithmetic average Mittelrauwert R,
has no significant influence roughness A,
on the final result. to consider berticksichtigen
R, (average peak to valley <, Average peak to valley height scratch Kratzer
height) considers only the * & & g & to neutralise ausgleichen
five highest peaks and the b A/L\ N"A\/h A A significant bedeutend
five deepest valleys (fig- ™ \ AR final result Endergebnis
ure). Extremes have a much £ single average peak to Mittlere Rautiefe R,
greater influence on the final = Iee":“::‘[i:’” Y F_) :
result. The complete evalua- evaluation length In=5-r . valley height R,
tion |ength iS lelded |nt0 Rz:%(Rz|+R22+Rz3+Rz4+Rz5) extreme Grenzwert
5 cut-offs. In each cut-off the evaluation length Messstrecke
highest distance between peak and valley is a value (R,;—R,s). cut-off Einzelmessstrecke
R...x (maximum peak to valley height) is the maximum height of | maximum peak to Maximale Rau-
the five values in the sampling length. valley height R, tiefe Rax
The surface . paramet.ers Table: Surface finish symbols technical drawing technische Zeichnung
are shown in technical ™ gymbol Meaning to achieve erreichen
drawings by symbols (ta- All manufacturing o G wiahlen
ble). To achieve a very high f processes are allowed . eturing Fert o
surface texture you need S — type of manufacturing Fertigungsverfahren
aterial removal no i i i
grinding Schleifen
to choose the _CorrGCt type. allowed or surface o .
of manufacturing. In your remains in delivered milling Frasen
Metal Trades Handbook are condit_ion drilling Bohren
tables to Chc.)ose the correct v/_ g/laetg;:::jrimm;ilmin material removal Materialabtrag
manufacturing technology. pecitied, €.9. 9
milling to allow erlauben
Achievable R,-values: /Rz 25 m?rtlier:isl removal ma- to remain verbleiben
Gr.”Td'ngi R,=1.6-4 uym R, =25 um delivered angeliefert
Milling: R, =10-63 pm : .
—— reliable zuverléssig
Drilling: R, =40-160 pm
Exercises
1. Answer the questions in English. ®
a) Which surface texture parameters are often used in USA and which PR @
in Germany? & AV ~gE
b) Explain the difference between the surface parameter R,,,, and R,. > /1/7
¢) Why is the surface texture parameter R,,., not a very reliable value?

d) Explain the surface texture parameter R,.

2. Name the type of surface parameters and its value of the
positions (1) to (4) shown in the right figure.
3. Draw a roughness profile and add the three parameters: R,,.., R,1,5 and R..

©)
5l
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1.7 Fits

A fit is the dimensional relationship of two mating construction components. The components have the same
nominal size at the fitting location. They differ in the quantity and range of the tolerance.

There are three different kinds of fits, depending on the dimen-

sional difference between the matching components. The choice Words
of the different fit is determined either by the use or by the | Passung

production of the parts.

dimensional rela-

GroRBenbeziehung

Clearance fit (figure) T tion_ship

Clearance fit always enables some aiing passend

space between the hole and shaft. Hole Maximur construction Bauteil

The lower limit size of the hole is | tolerance T dEeEns component

greater or at least equal to the upper L Femax nominal size NenngroBe

limit size of the shaft. \¢ to differ sich unterscheiden

The maximum clearance (Fcrmax) ? fl range Spannweite

equals the hole maximum dimen- tolerance Toleranz

sion (Gyy) minus the shaft minimum | Minimum Shaft to depend on abhangig sein von

dimension (Gg). (,:clcej;ance troslerance difference Unterschied

= Femax = Gun - Gis matching zusammengehérend
choice (Aus-)wahl

The minimum clearance (Fenin) is calculated by the hole minimum | to determine bestimmen

dimension (G,;) minus the shaft maximum dimension (Gg). use Einsatz
production Herstellbarkeit

= Femin = G — Gys

Interference fit (figure)

clearance fit

Spielpassung

to enable ermoglichen
It is a type of fit which always Interference fit . Spiel/gl’?aum
has some excess material between |7 inte-  Shaft el Bohrung
S Hole ference tolerance
the hole and shaft. The upper limit | (o S FdF . T \ shaft Welle
size of the hole is smaller or at least I lower limit size Mindestma
. . . ' Wi mi V4
equal to the lower limit size of the / | .
Shaft. Maximum at least mindestens
) _ _ i’?terference upper limit size Hochstmal3
The maximum interference (Fimy) is L hole max. dimension  HéchstmaB Bohrung
Calcu'_ateczc?y)th? ho'fhm";]”?tum d!' ‘ shaft max. dimension  Hoéchstmal Welle
mension minu maxi- . .
ensio IH s the sha a hole minimum Mindestmal Bohrung

mum dimension (Gyg).
= Fimax = G — Gus

dimension
shaft minimum

Mindestmal3 Welle

The minimum clearance (Fe.in) €quals the hole maximum dimen- | dimension )
sion (Gyy) minus the shaft minimum dimension (Gg). interference fit UbermaRBpassung
= F,.. = Gyu— Gis excess Uberschuss
min = o
. Lo . Transition fit transition fit Ubergangspassung
Transition fit (figure) Maximury ) )
clearance Maximum inter- to occur vorkommen
It is a fit where both types of | Fomax ference Fimax to interfere Uberlagern
fit may occur. The tolerance T Kriterium
Zo?_ﬁs of the Totlel a_n? thaﬁ o | to select auswahlen
rcom interfere. 3 : .
partly or completely ﬂ expression Begriff
There can be a clearance fit or Shaft - N
. " abbreviation Abklirzung
an interference fit.

Exercises

1. Answer the following questions in English.

a) What is a fit?

c) What are the dimensions of the hole
and shaft, when a clearance fit is given?

b) Which two criterias are given to select the type of fit?
d) Which three types of fits are possible?

Explain!

2. Find the correct expressions and match them to the abbreviation.
b) G/ Gun
e) FCmin/FCmax

a) Flmin/FImax
d) Gg/Gys

c) Ty/Ts
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1.8 Fit Systems

Fit systems are needed to limit the amount of tolerances of two mating parts. In a fit system one of the parts
is produced with a basic tolerance and the other part has the tolerance according to the specific fit system.

Fit system: Basic hole system

When the basic hole sys-
tem is used, the diameter
of the hole is produced
with the fundamental de-
viation H (figure). The ba-
sic hole system is attached
to different basic sizes of
the shaft, e.g. d, e or k, m.
The basic hole system is
widely used in mechani-

cal engineering and in the
automotive industry.

Range for type of fits

There are three general
type of fits according to the
different basic sizes of the

shaft (figure beside).
Clearance fits: H/a...h
Transition fits: H/j...norp

Interference fits: H/n or p...z

d
il

a

L
w . r I_lza
N I WY
ﬁ|‘||_| I Zero line
f

Clearance
fit

Fit system: basic hole

zc
b

ghijs

Nominal size

I |
Transition Interference
fit fit

Examples for type of fits:

Pom

- +41
+28

\ +28
+20 / +21 S +21
+10t z|/| |l2sH7| €| X[zsmz[ *'° 25H7
o 0 0 0

Deviation —m=—

Clearance

0
wt 2sne

Transition Interference
fit fit fit

Fit system: Basic shaft system

When the basic shaft sys-
tem is applied, all shaft di-
mensions have the funda-
mental deviation h (figure),
e.g. clearance fit: h/A...H
The basic shaft system
is used for shafts that are
produced in standard sizes;
the mating hole must be
calculated.

Range for the type of fits

il
A

Nominal size

fit

IE'L'U F G HJs
ol

Clearance

Fit system: basic shaft

Zero line

h
shaft

I
J "KUQDQDDUﬁﬁﬁﬁZAZB
M

Transition Interference
fit fit

Words
fit system Passungssystem
to limit begrenzen
mating passend

basic tolerance
diameter

basic hole system
fundamental deviation
to attach

basic size

widely

mechanical engi-
neering

automotive industry
according

range for type of fits

basic shaft system
to apply

zero line

standard size

to create

nominal size
letters

to determine

required

Grundtoleranz
Durchmesser
Einheitsbohrung
Grundabmaf3
zuordnen
Grundabmal3
weitgehend
Maschinenbau

Automobilindustrie
entsprechend

Bereiche der Passungs-
arten

Einheitswelle
anwenden
Nulllinie
NormgroR3e
erzeugen
Nennmaf3
Buchstaben
bestimmen

erforderlich

The different type of fits are achieved by different fundamental deviations of the hole.

Clearance fits: h/A...H

Transition fits: h/J...N or P

Example of the calculation of a fit:
Which important values need to be calculated to create a fit of 8.2 H7/d9?
Use the tables of a Metal Trades Handbook to look up the different limits of the shaft and hole.

[8.2H7/d9)]

Hole limits:

Clearance limits:

= clearance fit

N

maximum dimension (Gy,) = 8.215mm;
Shaft limits: maximum dimension (Gyg) = 8.160 mm;

ominal size N=8.2 mm

Interference fits: h/N or P...Z

minimum dimension (G) =8.200 mm
minimum dimension (G;s) = 8.124 mm
Maximum clearance (Fcnax) = Guy — Gis = 8.215 mm - 8.124 mm = 0.091 mm

Minimum clearance (Fcnin) = G — Gus = 8.200 mm - 8.160 mm = 0.040 mm

Exercises

1. Answer the questions in German.
a) Which difference do the two basic systems have?
b) Where is the basic hole system used?
c) Which letters are used in the basic hole system for interference fits?

2. Determine the type of fit of the following fits:

a) 8H9/d9

b) 24H7/s6

c) 9K7/h6

d) 153 H11/c11

3. a) Read the required values for the fit of Nr. 2 a) to d) from a Metal Trades Handbook.
b) Calculate the maximum and minimum clearance or interference, by using your Metal Trade Handbook.
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2 Quality management

2.1 Basics of quality management

If a company wants to be successful on the market, the product quality must match the satisfaction of the
customer. Customer’s requirements are e.g. an appealing design, performance, functionality, reliability, main-

tainability and a good customer service.

Therefore, many companies have become certified and implemented a quality management system according

to ISO 9000 standards.

Operating areas of quality management
Modern quality manage-

ment encompasses all Construction, Quality-
L o X .
activities In a company, ove °Ipmen managlemen

e.g. quality planning,
quality control, quality
assurance and quality

improvement (figure).

Production planning Quality planning

Production - =
It is carried out success- I suppliepers 11 2
fully if all employees T s Production 3
follzw the guidelines ' e i e
of the ISO standards. In : i z
this way the quality of inFlm 3
work processes can be 1
controlled. Errors can Product G| fu| Finaltesting

be detected as early as
possible so that pro-
duction costs can be
decreased.

Delivery

Quality characteristics and errors

There are two different categories of quality characteristics:

¢ (Quantitative (variable) characteristics
can be measured or counted, e.g. the length of a workpiece
or the diameter of a shaft.

¢ Qualitative (attributive) characteristics
describe a quality, e.g. the quality of the painting of a vehicle.

Errors are present when one
or more quality requirements
are not fulfilled, e.g. a dimen-
sion is not correct or there is a
malfunction in production.

The 1-10-100 rule (figure)
states that when a product
moves through a production
sequence, the cost of correct- Plan-

ing an error multiplies by 10
from stage to stage.

Avoidance of errors —e—— Fault detection

cost factor per error —m—

De- Produc-
velop- tion
ment  planning

Produc- Final Inspec-
tion testing tion

production process —m=

Exercises

Words
quality management  Qualitdtsmanagement
successful erfolgreich
to match erfillen
satisfaction Zufriedenheit
customer Kunde
requirement Anforderung
appealing ansprechend
performance Leistungsfahigkeit
reliability Zuverlassigkeit

maintainability

customer service
to certify

to implement
operating area

to encompass
quality assurance
quality improvement
to carry out
employee
guideline

error

to detect

to decrease
quality characteristics
quantitative
present

to fulfill
malfunction

to state

sequence

to correct

to multiply by
stage

avoidance of error
fault detection

Instandhaltungs-
fahigkeit
Kundendienst
zertifizieren
umsetzen
Arbeitsbereich
umfassen
Qualitatssicherung
Qualitatsverbesserung
durchfiihren
Arbeitnehmer
Richtlinie

Fehler

erkennen
vermindern
Qualitatsmerkmale
mengenmaliig
vorhanden

erflllen

Storung

aussagen

Abfolge
korrigieren
multiplizieren mit
Phase
Fehlervermeidung
Fehlerentdeckung

1. Working with words. Which words from the text are described here?

a) If the product looks really good, the design is very

b) If the device runs without a problem for a long time, it is very

c) If the product can be used in many different ways, the

2. Translate the definition of quantitative and qualitative characteristics.

3. Answer the following questions in English.

is very high.

a) Which 3 quality characteristics (= requirement of the customer) should your next smart phone have?

b) Which system supports the quality process in companies?
¢) What does the 1-10-100 rule describe?
d) Which different stages appear in a product circle?
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2.2 Quality tools

In order to fulfill the quality requirements in a company, quality tools are used.They are often graphical aids, such
as diagrams and charts, because they are easy to understand for the staff members and give a quick overview
about the process or the measuring results. Besides, the employees are involved in the improvement process.

Graphical aids

The defect chart is a simple Defect chart Words -
methodto ||7$t and detect dif- Type of defect | Oct. Nov. Dec. ) . e

. . — quality tools Qualitatswerkzeuge
ferenterrors in a production :::';ﬁ::i:f'z‘: m}'{'ﬂl J:TMII ”M"J:"M L requirement ARG
process (figure). The tally control defect | |ll Il Il 9 graphical aids zeichnerische Hilfs-
marks of the errors are sort- | [loose workpiece| Wi It M || MOKTHT I | MR | 45 mittel
ed and counted up. This in- | |torn-off e-cable ! 1 chart Schaubild
formation forms the base Total defects |38 37 36 m staff member Mitarbeiter
for the Pareto analysis. employee AR
The Pareto chart shows the frequency U to be involved miteinbezogen sein
of different defects (figure). They are t A improvement Verbesserung
sorted by their importance. The bars > L —1 defect chart Fehlersammelliste
indicate the type and the frequency 5 to list auffiihren
of the defects. The line displays the | § to detect erkennen
cumulative total of the errors. The % tally marks Zahlstriche
purpose of the chart is to highlight | = L‘:gff_ nﬁgd' ‘F’)"i‘;(’:‘é' gon- L‘fégﬁg Pareto analysis Paretoanalyse
the most freuently occurring error. It piece defect tilted defect frequency Haufigkeit
gives an idea of which problems type of defect —m— importance Wichtigkeit
should be solved immediately to im- bar Balken
prove the process most efficiently. cumulative total kumulierte Gesamtzahl
The cause-and-effect diagram, also called fishbone chart or Ishi- | PUPos€ Zweck
kawa diagram is used to find the causes of problems. It com- | © nighlight hervortreten
bines the techniques of brainstorming with a type of mind map. | © °¢cUr auftraten
It considers all possible causes of a problem rather than just the | Mmmediately sofort
ones that are most obvious. The main branches of the fishbone- | ¢@use-and-effect Ursache-Wirkungs-

. diagram Diagramm
skeleton are for example the 6 Ms: manpower, machine, method, i . .
material, milieu, measurement. f'Sh_bone . Fischgrate
brainstorming Ideensammlung
In order to draw a histogram, a Tally sheet (extract) mind map Gedankenstiitze
tally sheet to summarise datais | [elass measured value [ ¢ oqoncy | 5 cause Weerle
used (figure). In a tally sheet all | |==— " ' obvious offensichtlich
the classes with their values are 2 | 802-804 | Ml 9 main branch Hauptast
listed. The tally marks are add- 3 | 804-806 [ MMM | 16 Selem Skelett
ed, sorted according to the val- manpower Arbeitskraft
ues and counted up. Histogram histogram Histogramm
The histogram is a bar chart and ? 30 tally sheet Strichliste
shows the distribution of meas- L% to summarise zusammenfassen
ured results (figure). It indicates | £ 20 to count up aufaddieren
the frequency of data withina | & bar chart Séulendiagramm
range of values, called a class. | £ distribution Verteilung
The frequency of the data that i; frequency Haufigkeit
falls in each class is displayed by 8.0 °%%504%%a.08% 05,125 ®1® | | F2N9° Spannweite
the height of the bar. diameter —m to display anzeigen
Exercises

1. Answer the questions:

a) Which two type of graphs are used in

a Pareto chart?

c) What is meant by the 6 Ms?
e) What is shown in a histogram?

b) Why is the Ishikawa diagram also fishbone diagram?

d) Which function has a tally sheet?
f) What shows the height of a bar in a histogram?

2. Draw a histogram on an extra sheet of paper by using the data below.

Length of the shaft in mm

Measured values 14.990

14.995

15.000 | 15.005

15.010

15.015 | 15.020

15.025 | 15.030 | 15.035

Frequency n 2

5

10 13

15

16 13




20

Quality management

2.3 Normal distribution

If you look at nature or your working environment you realise
that the values of some quantities do not have all an exact num-
ber, e.g. the height of humans or the measured size of produced
components. Their values are distributed around a mean value.

The mathematician Carl Friedrich
Gauss recognised, that data, which
only depends on random influences
is distributed in a certain way. It is
called normal distribution or Gaus-

Galton
board

1. row of pins e '/.\‘ .
sian distribution. 2 Ry
Another scientist, Francis Galton, j‘ \‘
demonstrated this phenomenon by 5 ','/\‘\",\‘{\",\‘\‘
a machine called the Galton board 6 feffN o

normal distribution

(figure).

The machine consists of a vertical i
board with rows of pins, which are ar- g
ranged in staggered order. The front g
of the device is covered with a glass =
pane to allow watching the differ-
ent paths of the balls. Then balls are dropped from the top, and
bounce randomly either to the left side or the right side as they
touch the pins. At the end, they are collected into one-ball-wide
columns at the bottom.

The different heights of the ball columns show a curve in the
shape of a bell. It is named the bell curve, the Gaussian distribu-
tion curve or the normal distribution curve.

The normal distribution curve
is reached when measured

collection columns

Normal distribution curve
99.73 %

data values are only influ- 95.44 % ,
enced by random parameters. I_M.
The curve is symmetrical with maximum
a maximum at the mean value, T normal dis- inf!Efﬁon
. . - tribution poin
decreasing to both s_ldes (flg- > |curve i
ure). They have an inflection | g | standarg
. . 1 ! deviation
point at each side. g s
. = mean
The bell-shaped curve is de- . X\ NG
fined by two characteristic pa- -3s| | 25| -s [+s_|+2s [|+3s
rameters: Xinin R Xmax
a) The mean x at the peak of ' x | !
1
the curve. characteristic value x

b) The standard deviation s
represents the distance from the mean to the inflection point
and shows how values deviate from the mean.

The height of the normal distribution curve characterizes the fre-
quency of the values. The area below the curve from —s to +s
includes 68.28 % of the values, from -2sto +2s there are 95.44%.

Exercises

Words

normal distribution
working environment
quantity

number

height

human

to distribute
random influences
normal distribution
Gaussian distribution
scientist
phenomenon
Galton board

row of pins
staggered order
front

device

to cover

glass pane

to allow

path

to drop

top

to bounce
randomly

to touch

to collect

bottom

shape of a bell

to decrease
inflection point
application

to propose

mean

peak

standard deviation
bell-shaped curve
to deviate
frequency
construction
procedure

result

Normalverteilung
Arbeitsumfeld
Mengen

Wert

Grol3e

Mensch

verteilen
zufallige Einflisse
Normalverteilung
Gauld'sche Verteilung
Wissenschaftler
Phanomen
Galton Brett
Nagelreihe
versetzt angeordnet
Vorderseite
Gerat

bedecken
Glasscheibe
erlauben

Weg, Pfad
herunterfallen
oberes Ende
abprallen
zufallsbedingt
beriihren
sammeln

unteres Ende
Glockenform
abnehmen
Wendepunkt
Anwendung
aufstellen
Mittelwert
Hochstwert
Standardabweichung
Glockenkurve
abweichen
Haufigkeit
Aufbau
Durchfiihrung
Ergebnis

1. Give three examples of nature or technology in which data can be normally distributed.

2. Explain the experimental principle of a Galton board in German. Use the following structure:
c) Experimental result

a) Construction of the board

b) Experimental procedure

3. Translate the sentences according the normal distribution into English:
a) Die Normalverteilung entsteht, wenn viele zufallsbedingte Einfllisse wirksam sind.
b) Sie zeigt eine typische Glockenkurve der Haufigkeit iber dem Merkmal x.

c) Der Mittelwert x liegt beim Kurvenmaximum und zeigt die Lage der Verteilung.

d) Die Standardabweichung kennzeichnet die Streuung, d. h. die Verteilung um den Mittelwert.




