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1!_,'_:-_}”__,43 shis s i (E=5) Osam

Short-circuit categories

TEC 157-1 has
heremn

two categories of short-clrcult performance outlined

Shart=clrcult
performance
cabegory

—

Rated nperating seguencs
for ahort-cireuld
making and breaking

capacity tests

Comlition after
shert-clrcult tests

Fl

0 - k= CO

Required to be capab
of parforming rediuced
mervice

LaF3

=L -00=4k =00

Required to be capahl
6f performing mormal
marvice

o

8] represonts a bFsaking operation.

L represents a making operation follewed, after Ethe appropr Lo ba
opening tlme (or |smediately, that is without any intentional
Cime delay, in the case of a circult-breaker not fittsd with
intagral overcurrent relesses) by a breaking opsration,

t represents a specified eime Llntarval.

Vieo



rEc bt ado o, "I ans 13 £hi 005 sm (0 -8 Y dpan

Terpar aturs-zle
Type of mateclsl, 1imit [osasured by
depeription of part thersocoliple)

Contact parts in air (sain, control and
auxiliary contacts) s

COpPRT * 45%C

pilver or allver-faced (1

all other matals or sintersd metals FH
Centact partm in oil RS
Aare conductoars including non-insalated colls (1)
Metalllc parts acting am springs {3}
Mptallic parts in contacts with insulating
=aterisls {4h
parts af metal of of insulating saterial in
cenkact wikth oll RS*C
Terminals for axternal insdlated connsctions T0%C (5]
Marua l oprratlng meanm!

parts of metal 15°C

parts of Lnsulating naterial 25
Uiz in obl-immersed apparatus (measursd at the
upper part of the oil) E0C (6]

-

The expression "silver-faced’ includes solld allvar insmrts as wall
as mlectrolytically deposited silver, provided that a continuous
layer of silver remains on the contacts aftar the sndufance tests and
the short-circuit tests. Contacts faced with other materials, the
contaet rasigstancs of which is not significantly altered by oxidat-
Lok, are traated as sllvec-faced contacts.

{1} Limited sclely by the necessity of not causing any damage to
adjacent parts.

{2) To be specifisd mccording to the propartiss of the matals used and
limited by the necessity of not causing any damage o adjacent
pacts.

{3} The resulting kbemperature shall hot reach & walua much that the
elasticity of tha material ie impaired.

{4 Limited solaly by the necessity of not caueing any danage to
insulatling matecials.

{5) The temperature-rise limit of 70°C is & valus based on the com-
wentlonal test A cb ussd or tssted under
{nstallation conditions may have connections the type, hatars and
disposition of which will not ba the mame as those adopted for tha
toct; & dlfferant temperature rise of terminals way result and
thia will have to-be sgread. Vi

(&) May be meapured by thermometer.
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1!_,'_:-_}”__,43 shis s i (E=5) Osam

Short-circuit categories

TEC 157-1 has
heremn

two categories of short-clrcult performance outlined

Shart=clrcult
performance
cabegory

—

Rated nperating seguencs
for ahort-cireuld
making and breaking

capacity tests

Comlition after
shert-clrcult tests

Fl

0 - k= CO

Required to be capab
of parforming rediuced
mervice

LaF3

=L -00=4k =00

Required to be capahl
6f performing mormal
marvice

o

8] represonts a bFsaking operation.

L represents a making operation follewed, after Ethe appropr Lo ba
opening tlme (or |smediately, that is without any intentional
Cime delay, in the case of a circult-breaker not fittsd with
intagral overcurrent relesses) by a breaking opsration,

t represents a specified eime Llntarval.
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Terpar aturs-zle
Type of mateclsl, 1imit [osasured by
depeription of part thersocoliple)

Contact parts in air (sain, control and
auxiliary contacts) s

COpPRT * 45%C

pilver or allver-faced (1

all other matals or sintersd metals FH
Centact partm in oil RS
Aare conductoars including non-insalated colls (1)
Metalllc parts acting am springs {3}
Mptallic parts in contacts with insulating
=aterisls {4h
parts af metal of of insulating saterial in
cenkact wikth oll RS*C
Terminals for axternal insdlated connsctions T0%C (5]
Marua l oprratlng meanm!

parts of metal 15°C

parts of Lnsulating naterial 25
Uiz in obl-immersed apparatus (measursd at the
upper part of the oil) E0C (6]

-

The expression "silver-faced’ includes solld allvar insmrts as wall
as mlectrolytically deposited silver, provided that a continuous
layer of silver remains on the contacts aftar the sndufance tests and
the short-circuit tests. Contacts faced with other materials, the
contaet rasigstancs of which is not significantly altered by oxidat-
Lok, are traated as sllvec-faced contacts.

{1} Limited sclely by the necessity of not causing any damage to
adjacent parts.

{2) To be specifisd mccording to the propartiss of the matals used and
limited by the necessity of not causing any damage o adjacent
pacts.

{3} The resulting kbemperature shall hot reach & walua much that the
elasticity of tha material ie impaired.

{4 Limited solaly by the necessity of not caueing any danage to
insulatling matecials.

{5) The temperature-rise limit of 70°C is & valus based on the com-
wentlonal test A cb ussd or tssted under
{nstallation conditions may have connections the type, hatars and
disposition of which will not ba the mame as those adopted for tha
toct; & dlfferant temperature rise of terminals way result and
thia will have to-be sgread. Vi

(&) May be meapured by thermometer.
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(1D Vo £ SHOA, B0 2 B Ak 01 2had Gu 4L Lar £ (V=€) dosn

Logsas Lf 2ilouwatss AD OpeTacing  tenperabulc
Mo Ioad | /4 Load 1/2 Load i/4 Load Full load
il m Mo load 2.8 Mo ipad Z.8 Mo load 2.8 w_ Ho Load 2.8
Askarel | 2.8 Laad Q.8 Load 2.2 Load 5.2 | |Load 8.1
Zillcore __ TaEal ia | Total 5.t Total 8.0 Total 11.9
Jry-type, 130°C i. % va load 1.2 wy losd 3.2 Bo lesd 3.2 Mo load 3.3
Load 0.9 Load L | Load T.4 Load 13:2
Total 4.0 Tozal G.5 Total 18.86 Tokal I6.4
Spaxy dry=Cyps 3.2 o load 1.3 Mo load 3.2 s Lload 3.2 bz load 3.2
Load 0.7 Load 3.4 Load 6.7 Load il.8
Tazal 1.9 Total 6.2 Total 9.9 Total 15.

-
BIL & Basic insulatien impulas level.
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SB OV G 3 gl o (A-g) dar

1 F 3 4
Pazc seoling mathod Tezparacure class HMaximum Lamperatuse rise
ef insulation” {*e)
Windings [tesperacire Iise ALr, natuzal or foroed A B0
maasured by the Sesistance E 75
method| ] 80
z 100
H 125
1507
Cores and other parns
iay Adjacent to windings all (4] Same values as for windisgs
fbi Mot adjacent 3 windings (5] The tempsrature shall, in

no case, reach & values that
will damage the core ltself
other parts of adjacent ’
mAEArLlals

Hote. Insulating materials may be used separately or im combination provided thar in any application sach .
material will not be subDjected B3 a4 temparaturs in exzess of that for whizh it {3 suitable, if operated
under raced conditlons.

“1n acosEdanss with [ES FPublication 35, Recosmendaticns for che Classificacisn of Materials for the Inmsulatios

0f Zlect=ical Hachinery and Apparatus in Relation o their Tharmal Stability in Secvice.

“Far certain insulating materials, temparature rises ln excess of 150°C may be adfopted by agressent bezween
the manufasturer apd che purchaser.-
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e B o4V A m._....\p__ Arn ALV, 59 1 (A -8) Sas

u 2 _
Pare Maximum temperature rise {("C)
Windings: 65, when the ¢il circulation is natural ov forced mon=
class of fasulacion A direcred
(mesperasure rise ssasuzed by the
resistance mechod) 70, when the oil circulation is forced and directed
Top oil (cemperature rise =easured by &0, when the transformer L equipped with a conservator or

chearsoaecer} gaaled

55, when the transformar is nelther equipped with a
congervatar nor sealed

Cores, metallic parts and adjacsent The temparature shall, in no case, reach a valus that will
satarials dasage the core itself, other parts or adjacent -.-.E“_.-._J
Hote 'The tesparaters rise Limits of the windings (measured by the resistance sethod) are chosan to

give tha same hot-spot temperature rise with different types of oil clirculaticn. The hot-spot
remperatura rise cannot normally be measured directly. Transformers with forced-directad oil
flow have a differsnce batwesn the hot-spot and the average tesperature rise in the windings
which it smaller rhan that in transformers with natural or forced but not directed ofl flow.
for this reasan, the windings of transformers with forced-directed oll flow can have temperat-

wre Fise limirs [measured by the resistance mathod) which are 5°C higher than ln other
eransformers.
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Dutimmnces of Chamcendicss of Volwle Pumgs,
Mized Flow Pamps snd Sxlsd Flow Fumps

Thi parnp characterivtie ohenged considessbly by the type
of U pump. Tharefore, when seleciing a pump, i &
esseriiinl o fylly understand dhe chiwecarnlic ol ey
Eypl ol plirn beloeshersd, Fig 1.7, F'q. 1B aned Fig. 1.3
sow The paned dhaesieniklics of @ wolute pumnp, mised
Flow pamp brd sl low pump, far which the diffeenos
in characser|sties i the legest smong various pump e,
In peroentage curvilk {The péroentsgn cuvves am 10 show
ihe pasnp chiracterslic cunver on the bess e every
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affigiancy a8 B s el Tidaicy & 1T00PG),

111 Tord Hiad Curve

Ac thows 8 Fig. 1.0, Hising Chasscter fin., the
characizriatic thar 1hs tooal head decresses as the capacity
increasesl DOOOMRS strange in The ordger of the volube
pamps, mixed flow pumgs  end axial Now pumps,
The chut-off head |hesd 82 Sha point of O capacity)
o the volute pump & abowt 1207 140% of the hewd a2 tha
maiclmeam efficinncy. Bad, it is 180~ for the mined
Fiow pump snd it futher incresces to 2000 ind over for
o a el Tlow pump.

(2} Shad Horopower Curve sad Eficiency Curve

For the vobute puisg, the haft hommpower curve dicgs
w ot capacily decresies as Busirnied by Flg. 1.8
B, in cear of the sl llow pump, the cusve cisss oo the
tomirecy, Thamfore, in ose of she vodues pursg, it &
beiner %0 et if by fully closing the valve beforehand =
arder 10 minemize the starting torgus, Bub. fer the axlsl
Aow pumg, shul-off operation i imposible because 1k
ihadl rormpower inoeeees. When plansing, it is necesary
o ekl tha fescl inso conpdarmtion. Tha shutall o
power (chalt hasseposwer 8t The point of O capaciny)
&l ghe volabe pung m sboul 33-E0% of e shaft boroa-
porwsr At the maxlmam elficiency. For o meiced Slow
pump, T s about 80 120% Hawner, Tor the seial flow
pumE, i Ancresiss o alsoul 180-250%

O tha sfficienay guras, the voluie pemp his Bha most
gentle curs with the kg s of curvaure |1 g
gty that the volute pump svows the wnallest decreace of
efficierey by chenge of e cepacity. Basider when
ompred with B raximaum &8 clancy of the pemps of
e sarma bore, She voluin pemps show T mest swoelleng
ealue b geearal
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in the paragraph abeve differences of charsctesistics
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of the centriguge pumps, micsd flow pumps Bnd axlal
flow pumps are dascribed, OF centrifugsl pumps, howewer,
the performance of the wolute type pumps differs from
that of the turbine type pumps Fig. 110 shows the
dilfersnca betwoen them by percenisgs ourves. The
trhine pumps tond 10 show & corvex characteristic tar
e il head cwres (totsdl hesd cures Tos which the
saximum value of the head is afl & paindl of capaciny
ofwed Chien the shut-odf podnt} and the operation character-
mtic o e time of poraliel running sometimes becomes
wistable, Generally, the shut-off head of the velute pamp
i 130~140% of the head &1 the maximum efficiency
peint arel than of the turbine pump e 110~ 1208,

1#“-!'
f F'.i f 3 .
. ‘Ir." :
| ":r ey
b :
”IL.u—n—n—r.r.T—m
—
— Walgit g
= Turhep gumn

YTA



Specific Speed, | we Eve the lofiowing dads
o & —s cemrifugal pump — CapEcaty (), — nogy|
hedd "H dmd — nosationa) ipoed p, the gy of
skl ceririfingsl pomg iy ity rotatiomal spesd
aof & Fcde! purme (mdes ql, ssiler in wane gem-
meeey seed i velogity planes To valngiey Erincgs "
fil having the Tollowis g pecfirmance dasn:

apacly O = 1m's,
sdalbesf Hy= | m

From the relstiomships of simdicude methankcs

{~" similarity condtions, — Mgy o,
— mode] laws] ie nows: !
.
D’q n,
g
T Bing
Sirbend bor ny we ohiais;
)
{H/H %
or, with O = ImlﬁnnulHq- |
r_'!-'!"-
By™mn HE
wirh
1 sy,
H inm,
0 min™,
Mg Inmin™,

In cemtrilugsl pemp technology, # & wsual L
pacte the 55, @ relilion to the CEfimum valies
of sepaciiy and smal head {Le. af the — O s
g paist of optimum — eificieniy Wage )y and in
relation &0 the nommnal {rated) sctarionel ypeed,
50 thal we heve:

fig =y E'H:i:"
il

Ra spedilic spesd in min,

M Aominal — rotational speed i =t
Qg opiimesm = CRgacky i m! g,

Heg: Cptimus — todal hend in m,

The i ny i the lait-pamed vetsion is § fre.
querily wmad charactesistic magrbuds in cearsils
ugal pump techsalopy, s i i chammzierislic of
the setimal — tmpeler whame ragpilred in g
chieve oy s effifency:

i’ g fier Ng o= 2 ps 28 mpget,

e Mow lgrpeller n, s 15 44 163 min™,

arml impelier Ny= 60 1o 400 mis g
ET !

™

Based oa 1o emensional megnitude 5., 8 nope
e sicoal toelfioent characerring ihe Ly of
et rection hax also been sdopied g cerrifizgal

Pump  techeniogy, which, wewrding 1w DN
H4TED 5 expresied an;
o

A= 35 g —=—o

1 EH®
with
B —s roiEpEoal s,
L — capaciy, hia
£ == grevitalniml oonsiand, 3 e
H s dceai head,

The nemiwical vabses ol the iy nituackes ng wmd
Ny ure dhe sume. The convensan of the chasatte-
Thlic [acton nly inbo the mo-cqled "1y number

i _._'Ea"'*_!ﬁ :
(k-F)

Irequerdly used in English and Auncrican centnf-
sgal pump literature fsee also 150 1540)
giw.n |:Ijl

K=

L X
Sam M

Fig. 1.3 iz fo dlustrsie the relaton hensesn fhe impelier
deskgn and n,. As the value of n, of the volue pump
becomas |amged, the ratio of the imosier Blade widih and

Fig. 1.3
— T o d
i o L] Lo &=
= ;_._ T l il ) Fo (L]
ﬂr-ul-hi-u,: gy g hql-—lhn A3 e

wufier digmeter 10 the auter dimension of 1he smpelier

becomas Larger. As ny increases, the pump Ty changss
e the mixed flow type and then 1o the axial flow rvpe
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SUBMERSIBLE PUMPS

SURMERSIBIE PUMPS ¢

S
s \“ll.-a 5
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f A -.-__,.-". 4 -h_'?-:"_'a-___" . Statorwinding i
e . Y Y @ Lower bearing
e E
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- Micisturn Ingress
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A B Cormection onanber |
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Bearing K I
Temperature '
Monitors. E |
The iemperature monitors fitted o g : i |

the upper and lower ball-baarnge
give sarly indication if a critical tem-
perature khas been reached and
awich off the unit automabicaily il
a fimiting value s excesded.

Motor Temperature
Monitors.

Aapadt ofthe therme-cantrolmystem
temperalure monitors are embedd-
ed in the ugper and lower sechions of
the stotos ﬁ'ri.llqjlng., InsChse_of over-
haating, a warning plimp ftopEigaal
will ba given priario iimue-n.tpilr
damage occurring <.

[
Moisture Ingress
Monitors.

Electrodes of the electronic Disc
mg monitor system ars fithed to thie

Seal il chamber, coolng putr _
Eavity, upper and lower sectio a|l.%_h

the motor housing and the termi

TP Lo
t&rhl'lracl_mn chamber. This :I]'
gives prine waming of waler ingress:
balore sarious damags oecunE
the wnit :
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SELECTION

OF INCLINATION

DAfference
m level FP-CP

Zerew capaciey In [y

wim
dm
=& m
b= m
over 8 m

ERETIE
L1 §8%/3

S9E8Y(3

Campact scraw 35° only

SELECTION OF SCREW DIAMETER WITH OPFTIMUM
NUMBER OF STARTS

Screw dametar Capacicy In Ija with inclingtion §
mm.
o a5 ko

400 % n 15

500 5 ] 5

500 50 45 &0

To0 a3 &5 &0

800 120 L] 80

200 180 120 100
1000 %0 200 178
1200 350 ) %0
1400 540 430 0
1600 750 580 500
1800 80 770 450
2000 1250 1000 00
1200 1530 1200 1000
2400 1900 1500 1300
1600 2300 1800 1500
800 roa Hod 1800
3000 3100 1500 1200

[}
[

l

Yio

1

CARACTERISTIC LEVELS AND DIMENSIONS
FP = Filling poine = Scraw capacity 100%,
TP = Touch poine = Screw capacity O

EF = Chute poine = Discharga lavel at vhe wnd

of the treugh,

MPP & Maximuom

Pumping point - Muximum watsr level In

dischargs chamber sguing
which pump will oparaze.

H =Ll = Usad for sizing and salection
of sultable drive unie.

REMARKS OM TABLES

1. The Information on scraw diameters and angles i
glvan for guidancs only. More detalled Informetion iy
sralable on request.

L Laval differanca FP to TP = approx. 075 D con 4,

3. Level diffarence CF to max. pumping point m
0.10 0 — 0.30 O depanding on number of spirsls atc.
When screws are operating in parslls] the chuts
point must be arrangsd to avold water straaming
back down the non-cperating screw.

4. Minimum internal width of trough m
D 4 400 mm.

5. Maximum parmissible angle of Inclination = 34*
degresa. |



As the whaic level wt inler oses, e pump delivery
ncreases from zere ob T lo ihe manimum capacily of
ihe serew wi 10 The water level at outlel hus no influence
on the pump delivery, provided it does' nol exceed the
lewel 1% 0F the woter mler hevel s radsed whbove Foahe
pump delivery remains seasibly consiant a its MR-
mum value, C represents (he masimun outbel level at
whivh n serew ponp should B2 oron willisut u nomn-
refum valve, This prevenis buock Now through  the
clearance Letween screw and trough when the pump is
shut off. 11 1has back Now i allowed 1o ke ploce there
is o danger of the serew hecoming choked by sediment
or solid matter, making it Jifficult or impossible (o
resdand, Level 1 s the outlet water level sl whieh the
pump will operoie ol masimum elficiency. Al owler
levels greates than Uhis, water is thrown ek down the
screw, with the resull that 1he delivery and efficiency
drop shueply, onal tle required driving power increases.
I e paotygr is ran B0 this condium at s possiblbe 1o
overlogd the maoter, aud ot should iherefore be nvoided.

From thwese remarks i1 cin Be seen ot carelul
gpecificitivn of the relevint witer levels is necessary
when an crpury lur @ screw pump i made. Ooce (e
serew is dsdgiied , altenions o e levels e ool casily
accopymoduied or Iwo neasens:

i1 A ihe inclimation @ s generally boween 307 and
407, o Cairly small increase i the liead 1) bas o
larger eifecy oo the bladed leagih L, 65 cun b
ppprecnted Trom g LThe keagth of (he serew
betwegn bearng cemimes moan g bl -
mseter of the dusign, as s allowable value s lised
by the aceeprable deflection of the sovw. Hence
an inerense an H omay necessitate vhe use of 2
veniral lube with greaer will iickness, Taken
in conjuncion witle the sdditional kgl of
bodl tube and blades, o murked ncresse
weight, and hence n cost, may resull.

lii) A the head H s normally nol hugh Tor & screw
o, slight ulterations 1o the witer levels may
imply o lirge perventage variafion in its value,
Thaes may meake it neceasary 10 provele u lurger
matar, gear uni, and helt dove which, Likan
together, tepresent a lurge proportion ol the
cosl ol a serew pump installaion

Finully, it should be nowed that of the four lesels,

T, F, C and P, only two can be specilied. The ather two
are then fived by the diameter of the sorew ond s
wnchination. Mormally F is given and either C o PI0
the 1op outlet water level is specified as C rather than I*
ihe expense of a reflux valve is avoided, bui the strew
ilself will be rather longer und (herefore more eXpeasive.
Furthermone 11 will operate af a rather lower efficicney.

Design of screw pumps
The capacily of a screw pump depemls oo e
following parameiers
(i} The outside dinmeter of the Blades (D),
(i) The rotutionul speedd (M),
{jii} The number of starts to the screw. {This term is
wsed gx wn analogy with e werminology of
multiple screw 1hreads) (3).

{iv) The inclination of the screw anis fo the lori-
zontal =),

{¥) The culside diagter of the central tube (d),
{wi} The lead of the bliudes (1),
{vind The water level at inlet to Lhe screw.,

PEud mecnde ol s sk |.|.1_'|)L"|||.k'||l it Ul lieaid H. CECCPH
it 5o far as this varics with (vii) above, or on ihe bluded
lengih L ol the screw

e bee shwowern Bt Ve capacny of o serew pump,
like winy other pump, sunes sceonlng o the Tulkowing

Livw 0= u, NI

wihere © s the capacity of the punip, N and D have the
meanings assigned above, und g s o dumensionless
quuntily called the specific capacity. This is constant for
geamelrically similar serew pumps, be. those for which
&, o, O s 300 ure ihe swme and which have sufficient
pvmersion at inlet to produce masimum quantity [rom
tlie serew. 10 is found il there ore cerlain oplimum
vilues Tor df1d amd 203, and these are adopied as
standard. The speed s determined from on empinical
formuly giving ihe oo speeend which can be
employed without cxcessive losscs due 1o splashing;
ihe karges the serew disnmeier the lower s iaxinim
allovwihle spesesl

OF direct lmverest 1o she costomer s the manner in
which tle capouiy vaoes willi serew inelinmion, Ivis
seadily apparent it the steeper the inclnatian of the
serew the shorter will be s length for a given head.
Haowever the capaaily of i given diometer of sciew
decreases witly inelinaion as shown m Fig. 2

o Y a4 EY Ty +0
IHCLINATION OF SCREW TO HORITONTAL ok,

Fig. ? The capacity &l vorious angées bassd on tho capacity ul
& = J0° & daluny

Altlough s serew Rar o given 1t may be mude shoner
by increasang the inclination, o mainiain the capacity
i1 must be increased in dimeter, which wall also increase
the widdtly asf il propang instulkition. 1t shoukd also be
noted that the eflicioney sleereases with inclination. For
thvese reasons ii is Toumd [hat the mout economical range
of walues Tor a is 30 1o 407,

It cun now be seen thal the Jdiameter of & screw

Yia
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Fig. 3 Parformance curves of a Ivpical screw pump, The 150
turve shows tha relslinnahip bsrween hesd and ow

depends on the capaciny required, wiereas the lengih
depends mainly on the head. Hence il the quantity
required is small hut the head is large, o long thin serew
resulis, which mny not be mechanically feazibile.

As can be envisaged, for a screw of given dismeter,
the grenier the muember af staris e greater the capacity
of the pump. lowever, increasing (e number of gtarls
15 subpect (o o luw of diminishing relurns. Three staris
are mwwe cominon, bul there ore seeagions when the
vze of & serew with less than three staris is nlirnctive.

Allen Crwynnes has o ronge of serew pumps of stand
ard diameters, from which a required duly ean he met
by suitably adjusting the mechination and spced of one
of the pumps 1o provide tile mos! cennomicn) design
It s therefore helter of ihe cusiomer does not specily
the inclination, as an atlempt Lo de so can result in the
cost of the screw being higher than would be the case o
the manufactuier is lree lo optimise his design.

Fig. 4. Two screws (0 mest ihe tama
duty. Tha scraw an the lefr requines &
men-telurn valve and that on the night
doas noy

Sargw pump parformance

Fig. } shows |he performance obtaimed from an
Allen Gwynnes seréw pump. The variations in head
were ohiained by allering the inlet water level anly; the
oullet waler level was kepl constant. The curves show
the imporiant propertics of a screw pump, and the
fellowing poinis sliould be noted.

(1} It s important that the discharge specificd with
1he enquiry 15 the mazimum 16 be expected. Onoe
n screw i submerged up to iz Cfilling point
ishown as the “duly paimt” in Fig. 3) it cannol
deliver a larger quantily if the inbel level rises
any higher. This point is of considerable im-
poriance in the case of land doinage innallations
which mny be subject to lloed conditions,

(i) The efficiency enrve 15 very Mat over a large
rnge of flows, Therefore, as previously men-
tioned, il is perfecily economic to run a screw
down 1o 25 per cenl. to 30 per cent. of il mai-
mum discharge.

{iii) The maximum power required from the motor
occurs when the infet level is at the *filling point’,
The motor s sized on this basis, and hence it is
impostible 10 overdoml the motor under any
operniing condition, with the single exception
menticned earfver of allowing the outhet level 1o
rise above the ‘maximum pumping level’ P

In conmection with efliciency, tome explanation re-

garding the outlet water level is necessary,

In Fig. 4 o screw i3 required o raise water (hiough a

height H. This can be dene in two ways:

(r A screw (1) with its "Glling pend® sl F pnd its
‘maximum  pumping  fevel’ a0 P, where
Py —F « H. In this case a non-return valve must
e prrovended

(i) A somewhat longer serew {2) with its "chute point’
U= al a height H abeve its filling podnt”. Tn this
cAse o non-rélurm valve 1s necessary. This serew
howwever will lilt water 10 its maximum pamping
level, Iy, Ihe elfective head ihuos being

Py ¥ =H, and it iz on this basis that the
rower comsummed must be caloulnted,

Henee, when the term ‘elficiency” is used for a screw
pumping to some autlel level other than the "maximum
pumping level’, it shoukll be carelully stated o which
cruttlet level it 15 related,




P 5 Four of e varous eleclion molmfseies pume feue

ATAMGRMANTY v Ahawn

[P beft] Flange: mounied mndar s paeaiisl-ghall reduction
nEAF

(Foo cenire) An elecimie motar mounted &l The side of the
parafial-ghall reducihon gear with bell drive, Thia el in
n rsbnr witde sreangement which may be meonvenient 5l
wivirnl screws are io be installed alangsids each other

Ty ight) An glechic molod mounled un lop of the parndiel
shall recluction gear wirk heir drive. This srrangeman] gimph-
lies the boundasimng sl e espense nf an incresas o tha
hailémg kaigkr

[Aighd} An electric mote driving & right-sngle reduclion geas
throwgh balls, This produces a ressanably nasrow unin which
is comvamiant il several serews ara instalisd in paraliel, @1 tha
mipanad o an enciaased lengih ol moioe hoase

Drive arrangaments (Mg 5)

As the rotational speol of screw pumps is bow, WilFy
g hedween approximarcly 200 and 0 resfinm for minst
applcatiens pencally, direct drone by elecirie mogor
w ool of the question and some means of speed redoc-
Bon sl nlways he peowvided. [ s therelore usual o
envploy depole motors, s these are cheap aod sl s
s Winlst ihe reqoered veslicsion e gpeed wan e
schicved by mierposing a gean il duectly between the
mnbe and the pomp, it s usilly more ccotimical and
comvaent to contnecd the molor in the gear unit by
mewrs ol o Vebeft deive, Do addition te embiling @ e
il with a smaller gear mbn o ke used] tlie V-bell
drive arrangement has the folfowing alvaniages —

{1} Thedesired pump speed can be approached nnere
chosely tham if the lonted range of raiias avail-
ahle i propriciary pear unitg aloie nusl e ased

D) I required, the capaeily of the screw pump ean
be edjusted relatively simply and cheaply by
altering, the pulley riio and hence the pump
speed. The maximum fow required must of
course be known at the design slage so thal the
screw has been sized For the maximum duly,

(i) The physical arrangement of the motor and gear
umil within the molor housd is more fexible,

{iv} The coupling between motor nnd gear i elimi-
nated, and o drive with geod torsional Mexilalily
subststuted, with bencficml results, for example
wlen sinrting up or when solids are being Hilled,

Thee gear unit itsell can hove o paraliel shafi layout
o the high-speed shaft at right angles 1o the low-speed
shaft. The latter arvangement is more expensive, but
can huve sdvaniages in space-saving in the motor house
il everal pumps mre insinlled in parailel,

Enguiry information

Although s Beyond 1he scope of this artiche 1o fully
discuss all aspecis ol e deagn oml seleciion of serew
pumps, ot is baped that uselul guidance has been given
tar thesr cormeed application, Howewver, it has deawn
atrention 1o the peed o include the Tollowing informs-
tn weilh cach enepanry o o serew puimp:

Pypsc ool aprpslecibome wosl Mond s by pmgel,
wiemher ol paenpa (4] duty i
fnl staml by pomps;

A lnim ow per pomps
el fevel ail which masimim M i requdeed |

minmram inket kel b which pengang s requined, or alier-
natively minlmaen Mo per fump

inannmi etlel water levels. anal wheiher this s 16 caeee-
spamid 13 el peim’ © oo the ‘maximisig umpng
kel

eseripulan, oF deawing, of propesed inulaliation:

el of avnlahle elecirienl spply, inehiding any restriction
on starling currenl,

Because ol the characieristics of screw pumps it is
mporlant thal hes information, nn which the design
will be based, is final and accurate. Changes i Now
on lieaad higures, ance ihe screw pump has been quoted,
may make a complete redesign necessary, This could
well alier bath the price and the space ocoopied by the
pumping plant, as even minor changes cannol be
necommodiied axs easily a5 with an impelier pump,

It is gencrally known that Allen Gwynnes has Jong
and specialised experience in the design and application
of pumping wnslaflations, and 15 able to advise on
pumping schemes 1o suit the particelar requirements of
any insiallption,

TEA



i e RS
: fiifii 1] i
it m, e [ HENBHL Wi SERHE
i ; {F5a, A EE i B
i i : i 113 il
7 i i A I HEHEE FREHEH R
i _ IS sl [ UHRHETINY  TTL]
S | ; TN N A R T
+._ ..u. ”._. T E it gtk e HEHER
e : iy R SR i
i : i i1 BRI R ;
SRR A e L NEaes EH BEH L HIE B EHIS EEHE
= A b ] T T b e mrie i —HI- A T
i iR 313 {JE 10| I O #;.m,_..r.mml._;u i E B eI 4
S e R e 3 HH e g iatiLinatlan e jaand fas sE EEE s A T R,
=nEniEeE R R : SIS A IER R N B e N i
B i R TR T i S e T L L] ey s Ea ] Ly & Ly Siadl
.».W.. t i -H.-mn.. H... [l - _| T L SR e N i TRETR !
i i A AW [ i g
1 AT A AEA e L i 6 A 1 g, SRR
I s i aElEtite e i T il 131 L, [P LY
B | bl R 3 EH b el B i S w....m gl
i m" ; 4 1 i e
fGGH BT T il | B e ] A
i D i e i B e
i kiR i b e BRI B A gijiE §iiiE il o
i & 3 HHHE T i
s arii pHanEe 3 [ ] e T HIE BT RN e [k
B i i S RS EHTEHIR SHEH S i
2 [T [ S sideg] [4ad] 10es] Dmnt I HTEaERE ] T R = e
B IEH iR Sitan &gl Rengatsl el o) s B, CH S BT S L g i e ”
A L 151 1 e e B D ERH B e i .
= ... 1ik : 1 Hi b = L . ”.. ” - .— .|..” .... “ isesidiams 5
BilTiian anl H T e T e R e e P [ S5 i H B R EHEE i
- T BiljEn L aiianiE s e e R T T R RS I MR 0 if
S =l |81 el BB BAAGSH G [RSHIR SR B HHiiE H : E
Bl gt Biiiy o da g n... .n i .__m,r Bt ATHEH R EEH SRR B R S5 1B IBH i T R i
B AR R R R R ;
; R | R [ Al ER H L (e ee B R e B HHE e : ligi
§ e R R =

|
L
|

ria



AIR LIFT PUMPS

—_—

AIR LIFT PUMP
DESCRIFTION

Air il pump is a pneumalic device for
Iting of leguids.

The mechanism |s based on the
decraaza of the specific grovity of
{he hguid by infacting air into the
botlom of the pump. Due to this the
it @ir rixture becomes lighter
than the surrounding liquid and riges
i the vartical pipe.

The air lilt pump is mainly applied in
sellling tanks {grit collectors, primary
and secondary clarifiers] for the
purpose of lifting sand or sledge,

T]'l air bt pump does not contain any
movable parls. The cross—-section of
its straight vertical (hRing] pipe is the
same along ils complete length, This
makas 1ha pump insansilive 14
ciogging or weareven whean
coarse—grained materials are being
ifted. The design prmciple allows for
a gentle conveyance of lpids which
is of importance, for exampde, in
nandling activated sludge. When tha
pump becomes clogged, the botlom
of the pump can be washed free by
closing the quick-opening valve lor

o very short time.

ELEMENTS OF CONJTRUCTION

Air it pump consists of the following
elamenls:
Bonom of the pump wath
cannections for compressed air g,
il reguered, 1or Nushang wates
nser pupe for lifting grit—water ar
slutdge-walor miniure with air.

All parts are adequataly protéctied
AGANET COMosIan

DFTIONAL ACCESSORIES
AND EQUIPMENT

Queck-oneming valve lar whithing
i tha lacpad 1 toe primp oo,
A6 a mes agamms! elegaing o the
Papinap il Gy wden Tramwspin o
gund. 14 oets Iy chosmmg e e bl
e for o wery sborl peood of temg

= fur COMYIBEEDT in tarmal execuliorn,
oo, ol pecpuesied iy the custaimes, an
aw Dloweer ndnpited 1o the aie bt
HILLT)

LEGEMEY

I Baltosm ol e pamp

2 Laltmg puipee

3 Fhsdunsg wealesr gupar

4, Com;:-rasaad air fwpply ne
5, Quick-opening valve
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bl Types of IZnclosure m
E. i Frotection of Persons Against Contact With Live or Moving Parta of
5 Elsctrical HMachines, ‘Gow
3 ﬁf Protection of Machlone dgalost Ingrese of Solid Foreign Bodiss and Water ad 2
-
; .E ﬁ_ Senutzarten] Aprihrunge-, Fresdkorper- und Wasserschiufz, slekirische Haschiosn
mD =
¥ -] | | Ses Explacetions for corcelatison with Publication 34-5, first sditien 1968, issued by the Inter-
2 8 oaticoal Electrotechnical Commission (IEZ).
cE+ iz i Joptants
o=
at ;} Fage Fage
.E'E_E 1, BEOP8: = o = = = 2 5 = = =2 2 » = = =8 » = 1 7= Testing for protection againest ingresm
= T e T
E’!] 2, Composition of syEBol. « » » » « » o o =] ,1.:.:..:1.................1
-] i 3. Dagrees of protection against «2. Mechanical teating for protection againet
B 1 atziduatal contact and LDgTess ABgream 0f WATOT: « = = = & 5 & & & & & 8 3
B g of forwlge Bodiel. « « « « s s s & = s & £ P35, Electrical Toatitg: - « « o & & s o « & o 3
= 4. Fruteclbion agaiosl logress of wates. . . ¥ 8. Types of soclosurs with additiczal letters. ¥
4. Typen of praferred eoclosure . . « - - - 3 B.1. Rachizss with pipe veatllation
{mdditicnml llz‘i"l] )l e
B 'I'lgti.n:; f“: rﬂt'“‘!'u? ;plf‘t 8.2. Weathesr proof machinewm e
:W“m.': RO AETREN. BT FOERLED a (additional letber W] « « « o o o« = = o « &
BN A R R R e

Lo Sous

This Standard appliss to rotatiocg slectrlical machines as covarsd VIE 0530 "Bules for Electrical
Machinee”. The present Btacdard ls cooceroed with the protesticn machites by oDeans Of casings
and covers snd coaprises the [ollowingi

4.1. Protection of persons agminnt cootact with llve or ooving componsnta losldas the tlllﬂﬂ. mad
protection of sachinss mgaisont ingress of luli_ii. Foreign bodies (protectics sgeicost mccidentml
contact and protection sgainst foreign bodisa)V)y

1,2, Protectisn of mpchinas apainst the icgress of water [protectisn sgainst water))

4.% Aymbale for thes imtarnationally sgresd types of soclomars and for the degress of protsctiom.
Teating and inspections dsnigned to wari that the machines cenform with the ramente of tha
renant Standard are laid down in DIN 1 Purt 41, DIN 40052 Part 4 pnd DIN 3 Part 1 to
E‘..rt &, Any sdditional informaticn required im the teswings, will be found im this Standard.

With regard to [lsmeprool sod explosics proof machicess, the specisl provisioos of VDE C170/0v7
nbould be obeerved.

The Lestiogs are Lyps Leatings carrled out ob bateh= vl machines or acdels. m{ ars parfaors-
ed on = oew machine resdy for service, [itted with 1 attachesita amd iBsmtalled 15 the Sanner
apacified by the cuostomsr. If this is not practicable, the masoer of testiog shall be agresd
betuasn marufpetursr and costomsr,

F.d t £

The types of enclosurs ars dssigrated b{ a syebol l'-ﬂlllilt’-l? of the two code lettars IP (whizh
appear in thie form in every ayzboel)} followsd by the tws vefersrcs nusbars dspipnating the degres
of protecticon.

Additicoal letters mey e included, Lf oecessary. as follows:

E lor pipe=vectilated mathizes,

¥ [lor weatller-prool mschiaes,

2 [for machines temted whilst statiooary for protection sgainsl iogress of water,
F for sschiees tested while mmning for protection ageinet inogress of water.

The letters B and W are placed between IP and the =wo refsrence numbers; the lettara B and M are
;1-::& behind the two refersnces numbers, The absecce of the lettera 5 or M means shat teating
or protection sgaingt ingress of water is carrisd out with the machine stationary and munning.

The complets ayEbol (code letters, Telerecce Dusbels aod any «xtre letters uesd) is ©5 be known
me af sRClosure codae.

T
V Am the protectios sgeisst accidestsl contaci med the protection agaize® ingress of forsign BSdisd are
clopely relaled, o cocoos pelervace ousher Las Swem sllcbled 1o thess Led Lypes oF snclosurs.

Fachdr.d, guch gusivgeeeing, nur mit Genshmigeng et DIN Daurschis Inalitul B Hosmung = ¥, Barlin 30, g

it
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£ Gontinued on pagem 2 to A
Ea Explamationm on page &
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Page 2 DIN 80050 Part 2

Frotection agaimet sccideptal cootact and sgainat

e Tus by TP ingress of forshgs badiss and of water

First refersnca susber O, 1, 2, & asd 5

fra f
(#es Bectica 3 Erssdicl protectloa against secidsmtal coptact and

agalost ingrass of forsign bodies

Bacond refarsnce nusbsr O to 5 (see Gectlom &)

Dagressal protectios sagalsat ilogresa of wvater

Exsgples of designation af & typs of snclosure!

lP_ 4 4 IF W x ES 5
Code latters — ] Code letters JR— T
Ficat ref. M._—J T Additicoal ——‘J
Bec. rwl. ac. | ;::::rrl.l'. no.
Esz. raf. mo. 3 |
Additiapal latter

If, in descripticos for axmsple
apponra after the code letters
ousher, s.g. 1F - &.

If the type of snclosures of ome component of the machine, e.g. of the -ermicala, Aiffers from

coly cos refersnce ousber for the degrae of protection
y & dash should be loserted in lisu of the missing referscce

e type of enclomsurs of the rest of the zachine then the a
the somponent which Aiffers shall be specifisd maparately)

bol for the type of snclosmire of
el cames, the TyYpe of snclo-

purs glving the lower degres of protection shall be stmted fipat, If the :ugnn.:t that

diffars haw & bigher grade of soclosure thisg will Dot be atated, ses VIE 05

§ 88,1,

Fart 1/1.6%,

'?u *tﬂ- of emelosurs should preferably be featured oo the rating plate, asd if this is not
hiL

ths caning.

Tos indicaticos relate to the "as-delivered condition” of the machine, and to ite apecified
or usual mode of inptallation, The type 0 snclosurs zay alter me m result of g Aiffarent
Iype of imatallation or meunting or if the machine is operated under other conditions {e.g.
by the cloaing of aparturses).
tection inpt accidenty] foreign bodie
Tirst Scope of protection
raleremce
sumbar Danominatisn Explanatice
o] Ha protsctica Ho spwcial protection of persceas against seeidsptal ar loadvert-
sk sontact with Live or sovimg components. No protectios of the
sachice aguirmt ths ingress af salid fersige bodiss.
1 Frotecilon sgaloat large Frotectiom againat mocidental or lmsdvartent largs aresa contact
forsign bodies with Llive or intercal BovIGg COBpCOECts, 4.8, with the basd, but
29 proktectior mgunimst valumtary AEcaAs &0 ThARE EOEQOLARER.
Frotection mgalost the Llogress of selld foreigs bodism Earing m
ciameter iz sxesss af 50 ma.
2 Protection agalost Protectica l[llug Enltlrt by the fingers with live or intermal
sadius-aiznd forsign moring ceEponsntaclél.
bediew Protecticn sgainmt the ingress of molid foreign bodiea havieg &
dis.ster in sxceas of 12 mm.
4 Frotactics againct Frotaction agaizost contact with Live or iotercal movisg compo-

grasuler forelga bodiea

neata by toola;, wires or similar abiscts Raring & thizkmass im
sxesan of 1 “é:l ]

Frotaction againat the ingresa af spelid fersign Bodies Baving a
diaseter 1z excwss of 7 mai wacluded from this ars cooling mlr
aparturss (imlet and sutlet spspipgs of sxternal fans) and
tondensdate draiz boles of tolally scclossd machines whick wre
allowad ts nave Mo. 2 degres of protection.

r._-\.

Protection against
dunt deponited)

| Camplate protection agaioet contact with iive oF iatersel soviag

tomponentad).

Protection ageioet injurious dust deposlta. The lagress of dust
la not completsly prevemted, bBut dusat =umt mat Be abla t8 pADe-
trate 1o amcunts large soough to adversely milesh Lhe cperalica
of the machinas.

For Feolootes sew page 3

Yof




DIN 40080 Part 2 Fage 3

& inmet 1 B f wat
Second Scope of protectics
refarancs T
susber Dansminntion | Explanation
L] No protectlon _.lln apecial protectiosn
1 Frotectlon sgaiost ver= ¥atsr droapletes falling vertleslly cote the machioe sust oot
tigally fallisg dreip adreraely alfsct the opsratiss.
water i
' Protection agaieat Arip Water dropleta Falling &t any angle up ta 15‘l frem the vertleal
water fmlliog mt = slant |Sust §ot adversaly affect the opsration.
1 Protection ageinst Watsr falling at nay nagle up ﬁq G from the vertical wast ek
splash water sdversely affect the operationt).
4 Protection againak ¥ater isplagiog as spray frow all diractises ageicet the sashine
apray water must not adverssly affest itm operatice™)5).
& Frotection mgainst A water jet ipsuing from the oozzle of & hosw simed st the sachine
WATET jEtE frem any direction wust not adversely affect ite apération.
b Protection againat Ta tha svent sf tesperary Plooding. e.g. L0 Geavy esas, vater susf
MNocding not prostrate Late the sachine in quantitiss liskbla to osuse
damsge .
- Water must st peastrats icto the machins i quantitiss liable
5 E:;:::n. Ipiinny to cause damags wham it im lemermed lo waler uader the specified
. prasaurs sand Lime coaditlons.
H Frotection agaiost | ¥ater sust oot penetrats isto the machins la quastlitiss Liabls
ausparaias | ta cauns damage when it is subssrged io water under a spacified
tprllru.rr for aay leogth of time.
5, Irpes of preferred snciosurs

Ths Tabls below contalns the tTypes of enclosars most commonly used in Germany for electrical
mschines; of these, the types meoat commonly umed internationslly are emphasized by bold Type.
Frotectlon agaiost | Protecticn sgaicetl lagress ¢f waler
Contact apd ingreas of Epcond refarencs nuskar
foreign Wodisa
Codw letters and |
first refaracss ousbar o I - ] 4 ] & 7 o
IFO 1P 00 IF o2
P1 WPAls | IFads | LGS
P2 IP21N | IP225 | IF24s
1P 4 1 1P 44
T | IP5sa | IP55 | IP 4G

%) Machines which ars cosled by am exteroal fas are to be protectsd ageinst sccidental contact with the
fan by the [lagers. Oeserslly speaking this requiresant is satimfisd 4if contact with the vanss or
blmdes of the fan by tast finger 1 DIN 40051 ia prevemted. Motors 4riving agricioltural sppliancas,
amall machizes used by traders, and dossatis applisscas may requirs mors sxteosive precauticos sgeiost
mocldental captast.

JJ The degraa of protection specified io this Standard againet dust and the testisge fer such protectios
vonform Lo geceral practics. Whem the typs of dust is shated (alzw of particles amd their chsraztaris-
tice, #.f- fivrsus particles) the test cooditlons ars to be separatsly sgresd batvess mamefacturer
wod cuslomer ma oedealary.

} Fer further details regarding westber proof machines (additional letter W] swe under Section 8.2
3y For furtber dstails regardisg machimss with pipe ventilaticn (wdditional letter &) ssa usdar Saction H.1

[
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Fage & DIN 80030 Fart 2

£. Zeptips fof Drotection arminet coptact and ingress of forsien bodieg
The Ttestings for all degrees of protection ars To be carried cut with the machins otationary.
Firak
refereccs Taating
sushsr

o He twating

i The teatiog la ts bs carried cut with & ball with o disseter of 52.5 mm which {8 presssd
sgainst the caslog wilh = forow of 50 N & § g,

The protactisn is desnsd adeguate LT the bull dows oot peostrats ints the casing aod doss
oot make coofadl wilk imtermml live ar mavisg parte.

| 3 Tasting performed with test flnger 1 and isterpreted scearding to DIN BOO%1 Pare 1.
For tha purpeas of tha testing the rotor sball be turoed slowly by band. Shatts and sisilar
-WEII perte arv vzcepied from ths teating. Weap the Bachinss Bave an sxtermal fun, [omtk-
mote) Ssction 3 shall be obmerved. ln sdditics, = ball with u dismster af 12,5 s sust pot
penelirate lote the caming.

i The testliag shall be carrisd sut vith & stas]l wirs with = diamster of 1 am. Excluded from
tha tamting are cooling spertures (iolet asd cutlet of extermal fans) snd condensats drails
holsa which are allowed ta eonfors to Ho. & degres of protectlon. Whes the machinsm bars an

| sxtersnl fao footnoted) iz Section 3 shall be obosrved. Thns protection 1s dessed sdeguste
if the wirs doea mat panmatrate into the cesing (e.g. at Jeiste).

a3 Testiog Lo perforssd with the uas of dust chambsr 1 and is interpreted sccordiag teo
BIN bODSZ Park 1,

This testlog is to be carrisd out soly on machines with & sbaft height up to 132 mm. In tha
came of gachines with ehaft Belghts greater tham 132 mm the scutcoms of & testing carrisd oud
L o & machine af camparsbls design but smaller shaft Belght, Lm rogarded ma adegusts.
Teating for protectls s of wat

Per the Ne. 1, 2, ¥ and & degrees of protection, scrutiny of the drawing is generally
adequate. In border lice cases the testing ahould be carried out om the lines indicated
Dalow,

For the fAo. 5, B and 7 degreas of protectlon, the testing should be carried out in mccord-
ance with the comditions stated for thess levels of provectlco.

For Ap. 8 the conditiocos for sacesplance and, whers necessary, for ls..tlj.ns shall ba “ﬂm
batween zamufacturer And CUSTORAT.

The testinges for mll degress of protection mre to be carriad out with the machine stopped;
for Moa. & to 6 they =ay alsd be carried out with the machine runnimg.

All tentings are to be carried cut with fresh water unless stated or sgreed t0 the contrary.

The valuns sfated for the testings and concerning water pressure, guantity of water and test
duratisn ae wall am the dimensions of the spray pipes bave been specified as the ocutcoms of
tharough inEelttglt-iﬂn. It ahould be ooted that the guantity of water relates to & projected
arsa of 1 m° parmllel with the axis of the shaft; this area lo_sufficient for the majority
of sachines. If & machioe hao a projectsd ares lerger then 1 2 the sems quantity of water
acd teat duratica is regarded as adequate LI the Testing is made at all the criticml pointe,
e.E. Jolnte, seals, bearinga,

Far :].| ] and ¥ aen page 3
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DIN 40050 Fart 2 Page 5

JMechanicel testing for protection apminst ingress of weter
| cacoma |

rafarenes | Testlng
ouaber

n Ho testing

| Teated with the 4rip applisscs L 1 DIN &0053

1 Tuated with the drip wpplimace A 7 DIN BOOSS

i Tosted vith the svivelling pips ¥ 1-... DIN %0083"1%)

1 Tested with the swivelling pipe B t=... DIN k0053%)E)

5 Temted with tha wpray pipe D 1 DIN L0535

3 Teated with the spray pipe D 1 DIN LOOSIT)

1 Far the purposs of tha tssting ths sachine is %o be imssrsed in water in such & maazer that

tbr murface of the waler L oot less than 7 = above the fixiog face of the sachinse and the
top of the machins 18 got lasm than 1% cm below the weter. The duration of the testing is
%) mioutes.

Subject to agresmsnt betwssn mapufacturar and enstemsr the abave tasting say be superssded
by the fellawing teak methed:

The casiog Ls tested with an icternel ailr pressurs of ot less tham 0.7 bar (0.9 ‘nfﬂz!-
Tha durszion af the teatimg im 71 minute.

The protecilon alforded 1s deemed sdequate if not air sserges during the testing.

Emsrgence of air can be dstsctesd withar by immsrsiss, is which cams the weter sust complete—
ly cever the machiow, or by applyiog & #osp eolutlon to the machins.

® The test copditions are to be agresd between BAnUTACTUrer and CUNTOBET-

. dmaesmenmasnt
The protoctico affordsd is desmed adequate L the follewing copditions are fulfilled after
campiatinn of the testings according to Bsotiom 7.2:
Any wate" that bas peoetrated Zuat oot ioterfere with the opermticn of the machice; windings
and atk-: live parts must oot be wet mnd any sccnmulation of water inmids the casing shall
oot recch such parta.
It i@, nhowsvar, permiesible for the blades of fana inside the machine to be wet) ingress of
watar mlong thes shalft 1ls alao acceaptable provided that arrangesents are Zads for draining
much watar.

If the =arhine has bhesn tested while statiooary, it sust be run for 75 oloutes at oo lomd and
rated vo.Ltage and theno aubjected t¢ a Ligh voltage teet. The teat voltage Lm 50 % of the test
voltags for a new machine and oot lees than 125 % of the rated voltame.
I1f the zachice has besn teated while running, oonly the Ligh voltage teat at the voltags stated
above aball be carried out.

il I mamnamnmat

':'!-n teatls. L feemed to be Passed Lf thers 1w Do evifence of datege sa defined in the test-
ipg for lo:ulation in VDE 0530 and in IEC Publicetion M1,

R - ;-L1. xith gdditicn

Mach .ms with pipe ventilation (sdditionsl letter H)

The tote..~ smolosed machins which has cooling eair flowing through 1t, i.e. is iotermally
cooled, ta4 coalimg air aperturss which are comnecwsd vo pipes, ducts or pite; the pipes
ars oot L. communication with ths apacs whaPs The Bechins ia ilnstelled.

Exmnpler 1F B &b

Y
&

} Bas page 3

} Tostesd of the testing with the swivelling pips B 1-...DIN bO0S) a testing usisg the wpruy sossls C 1
sceerding to DIN &H005T Part % may also b agresd betvers sanufectursr snd customar.
ke
1

For Fos. 5 mad & the distance from the spray pipe D' 1 DIN &D05% to the machine has bess fixed st Y m
aef the basle of sxperisoce acquired 1im actwal practice; is ordsr to allow the spray %o be spplisd
te the sachise [rom all directicas this distsace sy be redesed.

YoV



Fage & DIN 40050 Part 2

B2, Meather procf sachinea (additional lstter Wi

The IF W types of enclosure mre intended for interrally cocled machines (degres of protection
ioferior to LF 44) with extra protective Cfestures for operating in the open under specinl
climatic conditionsa. With regard te protecticn againab coGtmct mnd ingreas of foreign bodies,
theme weather proof machices ars subject to the particulars in Sections 3, &, & mod 7. which
irs Supploceated by the undermentisned guide lines relating to depign, and are further
supplemented in the caes of the IF W 24 snclosurs by guide lines for additional testicg.
Vhare Secesnsr; arrangements to provide protection mgainet icing shall be made.

Enclosure IF W 23 8

Gulde lines for dealgn:

Befors it contacts the cospopentm to be cooled, the cooling air draws in through the cooling
Alr apertured is mo routed that it undergoss mt lenst onm deflection by cot less than 909 and
experiences velocity reduction.

Ingulated windicge ount be able to withetaod the effects producsd by molsture when expomsd to
alternated elimatic ¢opditions according to DIE 50046,

Components made of ircn and aton] mmat ba protected mgalnet rusticg.

Bearing lubricente must be suited to the minisum and esximus cutside teoparature likely to
oceur at the place o inmtallation. The pegetratico of fine sand mnd water inmts the bearinogs
is made difficult by the Iitting of covers or by approprists design of the sonling arraczements.

Tamioal box design conferme at least to the IP 55 types of erclosure.

Egclopure IF W 26

Guide linea for demign:

Befors it comes into contact with the components to Ba cocled, the air drawn in and discharged
through the ventllmti openings is 80 routed that 1t undergoes at lesst thres deflsctions
through not less thao 309 ench Lime; this prevents the ifgresa through Lhe ventilating opeo-
iogs of smell molid foreigm bodies, coarae dust particlos, rTain knd soow driven by atrong or
E:If -force winda. In addition, the inlst reuts for the cooliog mir must have o wideoed
portion mo that the welocity of the air al this poiot doas not sxceed 2.8 n/s, Lhug snabling
any particles entrainoed in the air to settle.

Inntead of this settling chasber, removabls or othervise sasily cleansd filters may ba
provided.

Igsulated windings must be able to withstand the cffocts produced by molsture when expased to
alternated clipatic conditions sccording va DIN S0016.

Coeponenta made of iron and stenl must ma Protected againet rusting.

Bearing lubricasts =must e suited to the minieur &5 Earizum ou tnide temperature likely to
acour at the place of iostallation. The Feoetratlion of fine sand and water into thes bearingm
is prevented by the fitting of covern or by nﬁroprhn denlge of the sealing arraopemsnta,
Terminal box design conforma at lemst to the 55 type of soclosure.

Guide lines for additional teating:

¥hen fine sand in freely throws at the zachine me deleterious affects shall ariae through
lngress of sand.

Por types of soclosure; protectien of electrical apparatus againat sccidental contact by
Eglzman?:i?u: ingress of foreign bodies and sgaloat ingress of water, general, mee

Explapationn

Tha contente sl the pressot Standard confars to & large extent with IEC Pulldlcation M5, st Editiam 1568

Bolating #lectrical sachinea, part 5: degrwen of pretection by waclosursa far rotatiog machinesry. The
Eain pelake of diffsrence are dimcumsed Balow.

Ondar reference oember 3, Publicatigm ¥5-% containe the expression "asall forwlgn bodlen". In couformity

#Lth the Bamie standard DIN GODSO Fart 7 ssd with IEC Fublicatica o4, tat Edition 1963, howevar, this
Etandard refers to mediup-pized Torelgn bodiss.

Iz tha Section deuling with prefarced Lypea of anelosure, I1E7 Publicatisn 4%=% cootoios anly 7 typesa. In
this Sinndard Tive further Lypes ars i4sntified as in commsz vos,

Ted additional letter B for sachines with plps westilatlon fa not contmined im the TEC Fublication.

Bith ragard to weather prosf machices, Lhe IEC Publicaticon doen mot atats soy Faide linen for deslgn

;:ﬂ for adaitienal testing. These have beso taken ever with cnly micor sgendssnts fraa the former Extract
L] }4%

The place mnd manoer of lamtallation as well me the questiss of scersm to the maching, and posaibly,

apacial operaling conditians are the critical factors delerminiog wbich type of encloaurs accordiog to

Ehle Stapdard g DECEIERTY .

12 graeral. refersnce ahould be mnde tn che Explanationa in DTN 40050 Part 4.

- — YoA



The degrees of protection used with three-phase matars are designated by a smbel consisting of
v lethers and Two numerals, same designations including an additional characuaristic leter:

P (Imternational Protection) ) )
Letters designating the degree of protection against contact wilh ive or maving parts
inside the enclosure and the ingress of solid foreign bodies and water

Utah
bidies
Dlp 8

W, 5
and M

Principal degrees of protection for electrical machines:

The first charactenistic numerals designate the degree of pratection of persons against

contact with live ar moving parts indide the encloture the ingress of solid loraign

Thae second characteérstic numeral designates the degree of protecuan against harmiul
ingress of water (no protection against ail}.

Supplementary code letters for special degrees of pratection

taraei bisies

vk anaarer sl
1FIEeLLigE ik BiAaT
Wl

P T T o RN
withdiameten
yYrgafer than 12 mm

wiall Buondied it
Al T AT i
Elaam 1 irm

drijapmrig walien
taling vl ably

despping water lalling %
an anjle up 1o 19" from
That wertaial

aarer yprayed ai an
any e wpr b B fiom the
wira Pik aal

Motar D grew af L Aumeeal
P TIE Frustizs ban sgainsd
LgEnladl
libiernally 13| with the fingirs
ventilated
L
k13
L0} T IPda by tuals
wen et wmnlad idiged 1
1B 54 complgie protection
L]
I 56
(LR 4] Lo b i
ilinion
irET

PrbgdTain AGAIAAT
marmlul depasits ol
dirtt

[ALE I S LT F PRI |
irngriens el stk

wwated bilashied frem
any shresliun

wwater wplashed lrum
wity diisitian

waber progedled by a
nazele from any
diEgEnmn

wpaler Lo temparary
I HF whran
wed i puge Lad by o
fspi phe Becr aivy
isrecliun

matar wehmgifea undar
fraed pressure ansd Lme
i tion

1 Inthe case of heavy seas (Lemporary llooding) ::ml_\- the nan-ventilated motor type 1P8

can be used

Special degrees of protection

W for weatherproot machwnes )
Ihe additional letter W s imserled Between the letter symbel 1P and the characterstic proteciion
figures, 8.9, IP'W 23, The lewter is applicebile o mactunes " far use under spacified weather
canditions and with additional protective measirss of equigment”

S and M for protection againit water

Fur special applications ii.g{
wilet and outlet apéningl o

the mac

characteristic figures indicating whether the protection against harm ful waler entey is
certificatiod or tested with the machine at standsuill (lewer ) or runming {letter M)

open-lype, open-circuit air-cooled m.}l::f!il"li"i onship decks, where air
ﬁ.ne, are closed duning standstill) a letter can follow the

In this case the degree of protecuan lor both operating states of the machine must be specifoed,

e IFS55MP23IM

‘Where the additi

bothstates, i.e, running and at standsull

onal fetters are omitted, the stated degree of protection is complied with for

Inline with international agreements, the additicnal letter R specified in the previous standards
for pipe connected machines has been omitted in DIN 1EC 34, Part &

Yag
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1. Protection of persons against conract with live o moving parts inside the enclosure and profection of
cquipment against ingress of solid forcign bodies
Proteciion against contact with moving parts inside the enclosure is limited to contact with moving
parts inside the enclosuee whick might cause danger 1o persons.

Firn
charagiermsiic [hegree of proweciion
numeral

1] No pratection of persons against contact with live or maving parts inside the
enzlosure.
Mo proteciion of equipment against ingress of solid fereign bodies,

I Pratection against sccidentar ar inadvertent contact with live or Moving parts
inside the enclosure by a large surface af the human body, for example, a hand,
but not protection against deliberale dooess 1o such pargs, |

Protection against ingress of large solid foreign bodies.
See test Sub-clause 7.1,

2 Frewection against cortact with five or mavine parts inside the enclosure by fingers.
Protection agamst ingress of medium size solid fareign bodies,

See test Sub-clawse 7.2,

3 Protection against contact with live or maviag parts inside the enclosure by 1ools,
wires or such obiects of thickness grezter than 2.5 mm.

Protection against ingress of small salid foreign bodiss.
See test Sub-clauss 7.3

4 Proteciion against contaet with live or moving parts inside the enclosure by toals,
wires or such obyects of thickness greater than | mm,

Protection against ingress of small solid fareipn bodics,
See test Sub-clanse 7.4,

L ‘Complets protection against coniagt Wit live or Moving parts inside the enclosure,

Protection against harmivi deposits of dust The ingress af dust is not totally
prevented, but dust cannat enter in an amount sufficient 1o interfere wigh satis-
Tactary cperation of the cquipment enclosed,

See test Sub-clause 7.5,

[ Complete proteciion against contact with five or maving parts imwide the enclosure,

Pratection against ingress of dusi,

See lest Sub-clause T.6. "

-_r -
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4, Protection of equipment agwinst ingress of lquid

Second
characleritic Dagret of proteciion
numeral

1] Mo protection.

| Protection against drops of condenged water:
Drops of condeased water falling on the enclosure shall have no harmful effect.
See test Sub-clause E.1.

2 Protection against drops of lquid;
Drops of [alling liquid thall have no harmlul efect when the enclosure Is tilied
i any angh up 1o 15* from the vertical.
See 1es! Sub-clause 8.1,

3 Protection ageinst rain:
Water falling in rain &t cn angle cqual to or smaller than 8)* with reapect. to the
vertical shall have no harmful effect.
See test Sub-clause 8.1,

4 Protection against splashing:
Liquid splashed from any diregtion shall have no harmful effect.
See test Sub-clause 5.4,

5 Protection againgt water-jeis:
Waler projected by a nozzle from any direction under siated conditions shall have
no harmiul affect,
See it Sub-clause 8.5,

6 Protsttion against conditions on ships' decks {deck watertight equipment):
Water from heavy seas shall not enter the enclosures under prescribed conditions.
Bes test Sub-clause 8.6,

7 Protection againgt immersion in water:
It must not be possible for waler to enter the enclosurc under staled conditions
of preasure and lime. )
See test Sub-clause B.7.

B Protection against indefinite immersion in water under specified pressure:
It muse not be postible far water to enter the enclosure.
See (st Sub-clause BB,

LR
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IP PROTECTION DEGREES:

LETTERS IP FOLLOWED @Y TWO CHARACTERISTIC MNUMERALS.

THE MARKINGS USED TO INDICATE THE DEGREE OF PROTZCTION CONSIST OF THE

| PROTECTION ALAINST

ILGHCSS OF SOLID FORE(GH BODICS

PIOTCCTION AGRTRET INGRESS OF LIGUTG.

5] Jest | MROTECTION AGAINST et f*r] vest | PROTECTION AGAINST CEE
0 lla protection 0 o protectian
i i ingress af large solid o 5 (e ;. it N
1 ".Eﬂ_“:: fareiqn bodies (greater 1 drops of falling liquid [
= Ahae 50 wa) Ll ‘
tagress of wedium size drops of falling liguid
m solid foreiqn bodies ) at any angle up ta 15°
igreater than 12 mm) - fraom Lhe vertical,
ingress of small solid waterr falling in rain at E
] foreign bodies. i any angle up to 60° from i
L o [gruater than 2.5 nm) Lhe vertical. ( uﬂﬂﬂm_
ingress af small solid liquid splashed from any
4 foreign bodies 4 direction {3I60%) n_@.”
Aorester than 1 am)
. : g1 3
o] harmful seposits of dust gie o u K vater-jets from an o
ISR ¥
i &0 direction [160°) mmbmﬁw
B ingress of dust 3 B _HH_..nHHm_\.._W] conditions on ships'
= =L T . piap docks
1 _ ﬁ_ imnersion in water, (3 )
8 : indefinite immersion in
_rl..U water under specified
Pressure

Standards

Oin 40950 B1 1
IEC Publ. 144

aug. 1570
Ist ed.

1961

Marking : [P Xy Xa
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Table 1. Limis of Temperature Rise lur Induction Machines [deg )

" Class A insula- |Class E insula- | Class B insula- | Class F insula- | Class H insula- |
Parts of Type ol tion lion lion livn tion [
Inductiun Machin enclosury —_— ;
T R D T R | T i D T R DT R b
. Open 1ype 5 | 60 {60 |65 |75 | 75 |70 |80 |80 |85 [100 000|105 125|125
Stator winding Totally-enelosed { :
Lype 5 | 60 | 0 | 70 | 75 ) 75 | 75| 80 | 80 | 90 [ 100|100 | 110 | 125 | 135
— |||-. _ a
nl &
Insulated rotor Open 1y % | & 8 | 75| 0 | 80 85 | 100 105 | 125
winding Tolally-enclused i
Iype 55 &0 0| 75 75 | 80 90 | 100 1o | 125 _
Uninsulaied , . ,
short-circuited The temperature rise ol these parts shall in no case reach such a value that there is 2
Sinding risk ol injury to any insulaling or ather material on adjacend paris,
lron cores and other 60 _ 15 80 100 {125 _
mechanical paris, Onen. Lyps _ | _
in contact with or a4 Totally-enclosed _ _ _
diacent Lo insulated| lype &0 _ 75 80 100 _ EL
winding o |y S
Ho._.-.__._._..__n_u_.u and _ | i
colleclor rings 50 _ Al . - o 7 10 _
Brushes znd | The temperature rise of these parts shall in no case reach such a value thet there is a
brush holders risk al injury to.any insulaling or other material on adjacent paris.
. 40 degrees when measured on surface ol melal
Bearings 45degrees when measured by thermomelers embedded in metal. When water-cooled bear-
{Sell-cooled) ing or heut-resisting lubrication oil is used, aggreement shall be made between purchaser
: and manulacturer case by case f

®ln above Table. “T" represents thermomeler method. "R resistance method. "D embedded temperature detector method.

Ty



Table 3.2 Limit of Temperature Rise of Aotsry Machine

lunin  degl
Tl A, Ciets E Clam B Tl F Tl H
InmAaibon Irsulation Inmstatbon Fremslmil bnulatbon
[TT31 Pt o emvmry mpchine - — e - - - .
L kl LU LR ] hﬂ fhi I:l a}  fhl lﬂ LU 1 (]
' 5|mwwln|ulmm-chw %0 60 60 | 65 78 75 | Jo 80 80 | 88 100 100 | Yos 15 12
2 Vinding of armature with commuisior ill - il - ;ﬂ - TM —_— - ‘1“ —
78 Irmﬁtﬂmmrnhﬂ‘ln' itl B — :ﬁ 76 — ™ BO — ;! m3y - il:! L Fi] =
3A | Wultih bryer Tirkd winding B0 B0 — |85 76 — 70 =0 — | &5 1o - s 138 —
L oowe Fetistmnce Theid winding and compan-
JB““"'-I B0 B0 — m 1% — | B0 BD — me T — 12 18 -
3 | Esposed singls taver Tiald winding =~ | 88 65 — | B0 B0 — | D0 B0 — | 110 110 — | 10 138 —
Fiwld winding of rynehronous machine with ) T
I | memies oytindrics ronor [squireet cagttyps | — — — | — — — | — @0 — —_— Y - e L
ko]
Cot or oibar machanicsl part sdiscert 18 | oo Y
4 it M - = | = = 8 - = |1 = - m - -
Shuﬂ-:ltunllli' '.. e ks e I ’ iy TN | M - -
5 o @r alher mechenicel pae b ok Temiok! #burd wfisch G0 ol Chush machinical himsdrbnck bed dédn vl cinm
natjmeeny 1o kngilared winding, brushes Aamagn to intuleines newhy
e A O N, e | s e e g v sty e —
B {;umlmllmu].nr! |l.||:|. Ih' 7] = 1 i ] L L [ oo — e
- ':6.13;'_.E'érr-on w ma;rnium_laé'ﬁi cv-:;ﬁin_:;;-m"_;nih_um" eratire
f LiLiall, - mrnsn ermbsde Lo} LR ] rmeral L L} DT B W ATAR Lan w0 ]
T | Besring fseif conled} barang or heal-ratiating fubricant in sdopted, the temoeratuss limit hes ie he
agreed upon Ffor ey parficuls case between the purchaser snd sl actares,

T Ial Thermensyer e b Mesnmne s e iboel frl Eemissbded vemgseeat o delteor meihod
|Hgmark b Vo Fwmy qlass ol soudatoe g in fles fabiba resgars e Clada oF e i gbntion of i parl givnn in the colismn ol the corea
ponding bem Foe eusmpie she eaw B oinaolarian fae iirem & menna (st the insisnian &l 1he commulator ol sin i o
o lokd B el 1 dfowes el menn Ihab the prsalolises o1 W weingdfiog = class B
2, For the toisly enchoted type coreapanding 10 511 [2), paabligh rhe lenil ol ranperature sise as Sdeg © Wighae  Hhan
liguires mar ke by asterisks [°1 in this tabile
3. The numbas of (ke embeddad temperature delecling alemenis ghpll be 3 or moie and thoos SEmen 1g shall ba svaberbde] al
mich pmitiamny al aeferyuain risiances in the clreomlerentias! dierciinn s, in the ariad direetinn, an ihows place wloen (158
TRneRrAlures seems 10 be 1w lighest
A4 Fwen when a high el insolation s adopied Ine the eommnuiatnr af slige eing, the benil mf immpsratioee il fee s e clns
anp 0N dunll bi aprliod of Th Ioes Clasg ingalalon i sdnpied I ihe wending wieth o veey closs Lo il Tor neamale. =en
wihen the wilatinen Al ihe rommtaine b elms B ihe Hmie Al eempeeaniare eise al the crevmapnnese kg ea bn 70 deg © ad
Phar glirid B oirmarlakeen o (Ds gdagi L oortnl Ak of ool Tonk Ahd wiimlloom walbuigle L uiey £ leps Tgn il
B M the windings of iemy 38 and 35 he resigianee marhod oo nne subiaive lor ihoae wintangy winieh hes snoahl noniber gl
Tepirs gl rrariy o omves i,
G VPhe low retistance ligkd wimding o e JB miraoe 8 Laelg wairihing with §mall Asmlese ol logecg and small reaiglangs lor
which 1he whole circumierence is insulated, e ssamnkean intorpoie winebing, e weineling, nie
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‘I'nlerances of Induclion Machines

ltem Kinds Tolerances
1 al Conventional cfficiency ( 7)% =0.1 % (100 = 5) 2
(See 6.3.6.12, 6.13))
b) Measured efficiency (7)% =0.15% {100 — 5) 2
Min. 0,725
2 Losses (total losses of an asyn- +1/10 % {(guaranteed
chronous phase modifier) value)
k3 Power factor at the rated output —=1/6 (100— pf) %
(pf) 2 Min. 2%, Max. 7%
b
¥ No-load curremt +3/10 % {guaranteed
value) .
a Ship + 1/5 % (guaranteed value)
[ Starting current + /5= (guaranteed value)
T Starting Torque —1/10= (guaranteed value)
b Break-down torque = 1710 = iguaranteed value)
Remark :  Tolerances of ftem | and liems 3 1o 8 shall be applied (o both the measured

values and calculated values (circle diagram method, etel.
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