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1. Furoosgse and nature of tegt nheet

Tnis st sheet degerites the uliraseonie lesting of forgings and
6te2l bars {(hereinafter referred to es [oTging) for geperal use,
preferentlally with reference to the detection of Intarnal defects,
employing the pulsg—echo techniqua. The ultraseonic test furnishes
infeenution on poipts of reflection ae regaprds their location, eize,
extept and fregquerncy of occcurrence. For forgings reauiring

acee »tance testlng this test sheet serves as . a8 _dlr'ect_i'.-e Tor defining
tie scope of teating {see Yaragraph £.2) ami the acceptance levels

{mee raragraph 6.5 and 5.6}. it degerives the testing techiﬂ.iquEE

4
oy

a and conditiond mandatory for the testing syetem, the nature of the

woTkpiece znd the clessification c¢f the test results,

2. Scoos : —

The zest cheet applies to the testing of auitably prepared, raw arnd
tuchined, nopn~heat treated ond heat treated forgings, preferentially

made Ffrom ron-alloy and glloy steels (mee Faragraph 6.1].
SE P G0Ga applies to forgings subject to more sevére TR gquiremmentis.

IT the t=st is performed on forgings from non-trans8foreable steels,
the testability czn be jmprired By scund sifénuation and other
; GauEes, 171 cesed Suck aB these the attainarle recording limitse and
W

P

accectance levels shall be guoted to facilitats mssemsrent of the
testakility., 1T the testaebility criterion is not mei, any subeequant
acticrs require an agreemeni with the customer or the cuslomer's
representative to be reached,

3. Claasificztion

Depending on the scope cof testing the test on the forgings shall be
pubdivided inte four teat groups {ef. Paragraph 6.2) und dem®nding

*)

In preparatlion
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an the permissidle helpgbt and lenpth of the indication into five g)ze
cl'assea (erf. Faragraphe 0.4 and 8.5, Tatle 1. Similarly, the
rermisalible frequency of the indicatlons is dlvided into five fre!q"Lh

ency claswea ief. Puragraph §.4.3).

4, Freparation of forpings reguiring testing

Forgings tested aa blanks shall be presented in simple or orially
symme trical form (eee DIN 64 126 , Fart'l, Paragraph 6). The rippling
znd roeughness of test surfgeoea gnd othaer surf‘acea used for reflaction

purposes shall permit an adequatle probe—to-forglng coupling.

A smoath surfzce freed from locse acale may be Bufficient for
tecting, provided saiiufactory coupling is gulna:rainteed. If the
surface hae to be machined, an average roughnese Ra. \-\( 20 ’,;u:n

(accordiing to DIR 4762} merves az refarepce value for machining.

In the caege of non-heat treated steel it shall be noted that the

gaund atienuation of the workpieces sanctions 8 te=2f as long as the
agresd acceptance level (or recoming limit) is recached, A4s far aa_w =
s "trgnaformable" steel i8 concerned, the forging €an ba heat

treated to relduce sound attantuzticn.

The Burface finish and the metallurgical structure necegsary to
achieve the defect detectability demanded in the test as well ma

thne machining and heat treatment conditlon, if apecified, shall be
adapted to one anut.her and epoure detegtion of the asige class of the

indicatian quoted in the order {Table 1).

5. Teating aystem

5.1 Tsating equipment
The ultrascnic teeting spparatue phal} function in accordance with
the pulae-echo principle and permit measurement of relatlve echo-
heights within + 2 4B udsing a gain tontroller calibrated ip decibtels
(dB). The emplifier shall not have any amplifier thresheld and no

1)

saturation within the utllized eensitivity range of the lnstrument

1) Far further particulara regarding the requirementa laid dowp for
the testing syetem consult DIN 54 326 — Genarpl ulitraaonic teeting
regulations, Part 1: Testing syetem ~ Reguimmenta; Part 2: Testing

pracedures.
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Tha time bLase range regulred Cor testing shall e adjustabis on the
inastrument, Deviationa from linearity of up te 2% of the time baue

range petting are accepiable.

Jltrasanic probes

P B =S

The neominal frequsncy of the probe shall bwa adapted ta the sirze of
the dise-ahspred reflegtor, the lergth of the sourd path snd the
sound attenueslion of the iesk cbject, Testing 1s generally
perforimed with 1 MHz to 4 XHz; sther frequenciea may be used:
pravided Lthe acceptance lavels laid down in Paragravh 6.5 r=main

detectable,

bormal (cumpression wave ) probes are generelly‘used. Other prate-
typen such a2 transmitter—receiver (TR)-probes 4T ungle DProtes may
additionally be employed e,g, for detecting near—aurface reflectors,
for the btetter rapolution of irndicationa frem relatively inagcess—
ikle parta of forgings, as well as 1or hallow boﬁies oT unusual
defect pcaitions. This holds esppecially for teet groups 3 amd 4
{ese Paragraph &.2).

Cne Distance—Gain-Size {DGS iz Engliak, AVG in Cerman)-dimgranm
5hall be known for each ﬁrobe—type to gasiail in the evalugzilan of

indi¢utions in mm cireular disc refleolor atze (KSR, 1in German].

_— A T2 TR L e e e —

Thie control is based on DIN 54 126 Fart 1. HReference Block 1 in

ca wnm

- - - Aoy ng) . - [ H - - "
pCenTG gnoe LN win g4 azw slall e mvaiiabie for Instrument
cglitration ua well ae for tha centrol of the instruxent funection
and the probe.

3)

H&fefénce Bloeck 2 jin gzecordance with DIN 54 122 or olher

Buitable comparison blocks with reference reflectors may also be

veed .

€) LiF 54 120 — Refarence block l and itg use for the calibration

and ceptrel of uliraecnic pulse~echo eguipment.

3 DIN 94 122 — Reference block 2 and ite use for the salibration

and control of ultragonic pulse-scha equipment,

10:1.8
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The coupling amentig shall Batisfaclorily wet the surlzce of tlu’:l"
tesl object. Watar (prefereptially with higher viscoesily- _ .
promoting additivee), ¢ils and pustea ure sultable. The same
coupling agent ahall te employed for calibrating the teat s,vﬁtem and
fer the bubsequent 4ewsting tasks, When finish-mzchired lorglogs
are teated, the coupling aeents shall not create any corrasion
hazaurd,. After tectlng the teated surlace shall te clcanred op
dried,

6. Tegting procedure

_———— — T -

Pmilminary tegts shall be carried out at the ecarTliest to enastle
a decisleon an the testability and serviceatliirty of the {orging
ta ke reached. Acceptance festg are gonerally pericrmed on tha
et abject ln its simplest form, howaver aiter the heatl treatment

which ie critical for the praperties of the material or in agreed

piefabrication astages.

in accordance with the differsnt demands made on the forginzs the
scope of teeting caen be gubdivided inteo four 1est grours. Faris of

forgings that are discarded during machining need not te cornsidered.

Test Group 1

Testing with normal (compression wave} probea along one or several
scanning pztba of 5C mn mazimum width on the eziernal surface over
the entize length of the (erimeter — in 1the Case of disca also on
the end fmce = where the core zene of the cross eection shall

genarally be covered.
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Dy amples:

=== 4

Bars

Une scanming pelb

in axial dirsctlon

o

J—— T o — Q’;

e Beanning path each
on the end face "and ‘e

peripheral ‘area

Hallew bwodiessz o7 Tings

“4 arxital ecanning paths

ip axial direction

Test Group 2=

ol i e

Testing with normal probes alonZ two or more 8canning paths of H0mm o

maximum width - in the case of discs with a raster scan on the end face -

oveT tha entire length of the surface line or peripheral lice. The core

zone of the crosa section awd an additlonal part of the volume i3 ‘coveed.

Examotes:

Two Bcanning patha 90°

offeat in axial direction

BaTa '
'wve or several wcanning
—_ I pathe on the peripheral
— i aresn and on the end face
— “ in the restr at a spacing
Digen ' i of 200 mm
l More than four axiul

A ecanning paths in
e axisl directian

LT

Hollow bodies or inga
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I Tegting with permal probes from two ditectiont at 90 1o each oiher on
the surlace accvasible fram the cutelde with coverage of the largest
1 possitble volume of the forging. ©Other prabe-types may alsc be ueed [or
an evalugtion of the irndicatione. ' ' _
I - - it Tesst Ralf the <ifcum—
Bxample Bl ference over the entire
PEURY oep— \ length; one uxiul test from
i - one end face ls gubiect ta
. sepurate agreement. -
. Bars . ca

4% least hall the circum-
o.ferepnce of the periphexal .«
area and one complete end-

face i

Complete axtermal petipheral

}
—FPITIITT @ ar=a and one end face
e ——— e .
: R

7z BT

Hollow bodles or rings

Test Groyp 43

T e . S —

Testinz of tha entire getteinsble volume in cases of giecial testing
requirements. The scope of testing, the application of several praobe-
L¥pcs as well as ihe Sireviiouns of haiing ani lpuidence, tall ag a .
rule for an sgresment beiween tphe manufacturer and the custamer or shall

pe deaigrnated by the contractar.

back, if need be, on SEP cooo™ !,

}

I fotet 1In cases of epecial testing requirsmenta 1t i8 poasltle to fall
I In preparation
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6.3 Testing propcedure

Testing shall be carried cut in accordance with DIN 54 126, Part 2.
in compllance with the test group, thae surfacesof the forging
Tequiring testing arels::a.nned with the prote. To do this the

" toegbting eystem ham initially been ad justed at characteristic
pointa {plane parsallel surfaces or axially symmetrical zonesz] and
checked in order te ensure that ths exlstling metallurgical struc-
ture and the choasn nominal frequency guaranize pdegquate tapgtaki-

1ity. This can be done by:

1} celeoulating the required g=in from the Dﬁﬁﬁdiagramd) with an
allnowance having to be made for the soupd attenuation and the

transfer leoss, OT

p 2) adjustments at the corresponding reference reflectaors in a
comparisan or reference block, if neceassary witc an allowance

teing made for sound atternuation and transfer losses.

1f the mignal-to-ncise ratle related tc the reacording limit {zee

i

Paragraph 6.6} is &£ 6dAE, =any further actlions requlre anl agreement
between manufacturer and cuetoner, Indications raquiring Yecording
shall be expressed in om kIR (cirauiar'disc reflector) or th%'

amount in 4B the height exceeds the rRferspce reflectar.

The ad juatment of the teating sensiiivity shall be sc carried out
that the recorded irdications attaln at least 1/9 of the screen
height. If thie ie neot possible, an appropriats entry shall be

magde Lm the taat reposrt,

When the screen image is vieually examipned the testing speed ahall
not exceed 100 mm a-l. Updar automatle scanning conditicns the
teating sreed and the 'pulse repetition freguency shall ™ so
adjusted relatlve To each other that the permissible sizea and

‘lengths of the indicatlcns (Table 1} are reliably detected,

4

4) The geometlry and/nr'the dimansions of the test ebject limlt

the applicaticn of the DGS-method (@jde wall effeck, near-praote

defects, curved surfaces).
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Alen w test surface ie coptinuously scznned in compliunce with test

proups 3 and 4 Llhe adnnning paths shall ovarliap- by approximately-i_rji_

.4 lniicatlons

G,

6.4.4

6.4.3

6.5

—————— . . i

lndications without extent

—— [ — o

indications withrut exlklent are the echeead receivad from puinta ef
reflectjon suffering uniform £aln losses in all directions during
stendy probe scunping, Their meagnitude ia desgcriked by the

diameter of the permissills cireuliar dige reflector acconding to

Table 1,

Indicationg with extent

lpcications with €xtent have po uniform gain decreasze, at least

not in one diregtion, The extent ie deteromiped with the half-
value method. The extent la greater than the diamter_of‘ the
parmissitle circular diss.reflector. FPaoticulars of the maximum
lengths according to size class are listed in Table 1 for di(ferent
acce ptance levels, An allowance shall b made for the sound field-

characterintics nf the probe,

Indication frequency

The indigatieon freguency 185 the pumber of irdicationa above t-he
recording limit in the bedy of the forging or agmeed pzéncs [ eea
Fara.raoh 6.5). Table Z gives tke subdivialions ipto frequency
clasaes a to E-. The f{regquency :::lasa and the referepce Bize
{(volume of $otal forging, longltiurinal saction or gzopes subjected

to different leads} shall be spre] Fled in the arder,

. e i e el

1f the tottom echa decreases algnificantly (declize of tottom echao
amplitude dewn to the zore of the recarding limit), the correspond—
ing z9ned 8hall be ecanned with ancther test frequency and in

ancther diyectlon of incidepce.

—— e mn m— —

The acceptance level of indications reguizres the dgreement tetwsean

Mmarufsecturer and cuatomer in zocordance with the aize cleesges in
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Table 1 and the frequency clueeeg in Tuble Z.For parts of forgings
exposed %to different stresees, zones can be demarceted In which
differant indicatiop: sizes in sccordance wlth the clasalfication
in Tabla 1 and frequency aecording to clascsification iv Table 2

can be accepted.

Prgording limit

Unlees otheTwiee agrred, the recording limit shall te equuted to
the corregponding actceptapnce lewvel tci;. }'aragi'aph &,5)(see Tghle 11,
in this ecase it suffices tn guote the indicaticn fregquency. The
recording limit can be quotsd in eddition Lo the acceptance level.
in this caee the ratio of the recording limit 1o the acceptance
level amounta to & dBE. The signal-ta=nolpe rutiec to the recording

limit shall likewise amount to at leasat & dB {s=e laragraph 2).

Tezt repoTt
The test report shall contain the following datat

a) Characteristieo data af tes.t. pleces.

b3 Ila.tﬁ of testing regulation

£) Type of teat equipmenti and probe

d) Copdition ol test surface

e} Coupling agent

£) Scope of tesiing in accordance with the iest group
g} Recording limit and acceptance lewel

b) Easult

Ultrasonic irdications atove the recording limit (*hich may, on
cccasions, e subject to agreement) shall be descrited in terms

ol their location, =lze, extent or frequency in compliarice with

the grder or — Ef required in a true—to-s¢als sketch of ihe furging,.
the ¢ross ocection or o development of the surface, For iest groups

3 and 4 the type of odjustment, aneglesa of incidence, Eouhd

T attenuation and tramnsfer ocorrection shall additidnally be guoted,

In cases Where an agreement on zones demarding different eveluation
haa teen remched, they have to be appropriptely indiceted inm the

eketch.
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For orders to this Test Sheet an agreement shall be reuched

egarding
ne ce B5ATY
mcoriing

condition

Table 1:

the teat group, the size class of the indlcatlens, if,

the permiasible freguency {cf. Faragraph 6.4.1), the

iimit, the surface condition and the heat treatment

required for testing.

Size classes for permissible limits of the
indlcationa {see Paragraphs 6.4.1 and 6.4.2
Acceptence Levels

Size |lmdicztions Y}isdicstions Maximum
class|witaoud eXtenqvwilh Exteﬁﬁ"u %xtantj

in mm KSR2J. ih mm K338 173 . 0@

A 14 10 80
B 10 T 50
C 7 8 40
0 B 3 30
E 3 2 30

1 Leperding on the slze class indications without extent ghall

have 3 specing of o

x mm KSH.

If the epacings are ahorter,

the lpdications ehall be regarded as "indications with extent”,
Agrzement according 4o Table 2 shell B reached regarding to

the permissible frequency.

2)

K3R = cireular disc yefilectgr, The gradation ¢f the mize clasees

i8 besed on differences in gain of approximately 6 4B, -

3}

Subject to agreement an allowehce ¢zn be made for exceeding the

maXlmum axtent, with account relng takenm of the rermiseible

Trequency.

8i2¢ ¢lass A corresponds to a frequency of

- 10 -

An indication with extent e.g. of 180 my length for

160:80 = 2 .

1

R ¥ 1
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TalLie 231 Preguency classes |(see Paregraph 6.4.3)

Accegtance Lexw le- . -
Fraquency fNo. of indications | No, of ipdlicatiens,

Classe without extent . ¥jth extent

.8 32 . 16
16 : 8

o 8 4

a 4 o)

e’ i 2 1

1} The relerence sizé ie in @ach cage subject to agreermenti accordlng

tg the Biza, zone or length ¢f the forgine.

10317



