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Design F¢ —~2s of St ... J Gear S.rieg

Introduct’

The inqui  for a spc. | ' gear with the given t ;ic data of power and
speed also includes r ‘s additional paramet:' _ * such as climate, sur-
rounding ditions, _ . fications of the end user, main contractor and
turbomact.’r .y manufi: ° . r. The general specif. itions of ISO, API,

AGMA, etc., are used as ' uidelines.

These spe ..’ Zications often do not favour an optimised sizing of the
gear. Com . 1ises have . . be proposed and, by . .ng a few exceptions to
the recei’  specific I s, a smaller, « :niper ° _ also more reliable

gear can | quoted.

MAAG has, with the enli _.d turbo gear program, a complete series
allowing = optimisat © fraom both the technical and commercial points of

view.
Ratio small medium large
Gear tyr ; GB basic &N basic GS
GB Mark I &N enlarged width center dist. and
GB Mark II GO center 47 ~.. and face width adjust-
| face width adjustable able
see Fig. 1 2 3

The corr  ading diat~== Fig. 4 shows .u.at it is not always obvious

which tv : "+ more co . I(nt.
In order optimise .. GB-series, Mark I and Mark II have been
introduced ' "':h enlar =~ casing width for a larger gear face width or to

allow spa.. for the t. . .t collar. Fig. 5.

The GN-ser: s can be =. 'sted in a similar way. See Fig. 6,7,8. For
larger ge. . it is de< . le to also vary the center distance. Therefore
the casting patterns : ' the casings of the GO and GS-types have this
feature. -~ Fig. 9.



All these . ‘iables : .:@ useful to propose a gear design with adequate
safety f- s with r t to the toothing, the bearings, the critical

-

speed, and the coupli _ “=sign.

1.1 Technical ails

1.1.1 Rotating :'' .nts

With over " ' years of «  —Tience in toothing design MAAG has accumulated
the know-] , which, + '+ .1 case, allows the design of the optimal too-
thing, the adequate . /1'ty standard and the general manufacture of the
gear so as to obtain a - .~ ole-free, reliable service throughout the
entire 1i~ of the g¢ . [ 1 the table given in F |. 10 a comparison is
shown betr -~ the tc '~ , quality according to 7 MA and according to
MAAG.

Above at 1 line ve -+ ' r of approx. 120m/s the scoring factor is of
increasing ° .ortance. ' ; the most recent API specification does not
consider ' 3 criteria, MAAG may request, in certain cases an exception
to the API oth la, : ~ve the pitch line w ' -~ity exeeds this value.
Fig. 11 sl the rel " -~ between MAAG and API ' :sign criteria.

The use of  -andardir - ~aft ends according to ISO and Nema, helps to
minimise ‘ : engineer’ _ work, and the amount of special tools required,
and simpl’’ " _3 the qu " Lty assurance procedure.

1.1.2 Bearings

The design . d layout - . the white metal lined bearings is based on our
own test : - d results as well as our experience. Depending on the speed,
2or 3, 4 ' ~e radial ' .ings are selected. For high speed applications,
tilting . = radial be ....,s are provided.

The figur- - 12, 13, 1: " 16 show the various bearing designs and
combinati. : with the ¢ ° 1 thrust bearing.

1.1.3 Casing

The casir _of the st .” -d gear series are made of cast iron which
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1.1.4

1.1.5

cast iron with the sa @ casting pattern is also possible. A welded casing
design can be providc  * request fu. single st-_ * gears but is normally
supplied for multiple . = 3je or special gears. Commercial optimization may

lead to either solut’ ... The use of bearing caps for securing the

bearings to the casin_;  >vides the advantages of:

- higher . aracy of "] bore; as ¢ oier control of parallelism with
control - fts is i le

- easier ' ‘ntenance; . the rotating e.’ ients remain secured after
removal ~ casing v _ : half

- simplif. _ | mounting . . !. . instru _ats

- no oil . 21ge prot - -, as the casing upper part does not have to fix

the bea: ' _s.

Lubricati- il Requi -t and the Lubricating i1 System

The o0il r. » rement { " : lubrication and cooling of the bearings and
toothing : . calculat.' ' a computer program. The heat load distribution
for one ¢ : is shown : ig. 17. The lube oil system for the gear is in
most cases combined v .7 (. t of the driving or ‘-iven machine.

The use of : nthetic ( '\ has shown positive results. However the, as yet
unknown, 1 ors of t - i , absorbtion and chemical aggressivness
towards .' ' bearing 1 "7 or seal rings (also in combination with the
mediums of the compre: . or pumps) require that further extensive
testing be - _nducted. . *  al oils are therefore used in all cases where
these inf: ces are | : _ >dictable.

Instrumen ‘on

The automatic supervis: of turbamachinery, by means of instrumentation
as specified by the . | user or the main contractor, has become an
integral ; : of manu* uring at MAAG.

The requi..nent, of e ‘her direct and/or remote, measurement of the oil
temperature and vibrz - . of rotors can be fullfilled for all gear types.



For optin - *~ion in L: = field we cuv ider two main criteria which are:

- the use of as fewr . ing points as possible, i.e. only those which

influen the running sequence of the installation

- the use - . instrume mounted fr . outside, to improve servicability.
These cri® :ia help to . r1ce both the initial capitalisation costs as
well as t - operatior © . :vice costs.

1.1.5.1 Thermon... .3 for Di.. . Measurement (see Fig. ™

As the t- _ature r: of 20° C to 120° C. in gears is relatively
narrow, tI simplest ° cheapest direct temperature measurement system,
the mercu.. type ther M .o, is bc*'. adequate . 1 sufficient. The more
sophisti: : dial ty : Jometer, as wcified by APT, with a very
large tem| “ure me: . ‘nt range is many times more expensive and
therefore ° cost ef” ‘'ve.
1.1.5.2 Temper- - Measur- : Devices for Remote Mon: .oring

Resistance '’ 1perature . .ctor (RTD's) or Thern >uples (TIC's) with a
temperat.. . measurerr . nge of -220° C to +850° C are used for remote
temperat: monitorir .= [ the gear box.
The adva- s of RID's - ::

- - .uracy, ¢ ity, exchangeability

- I =ar syste S

- .ty (posifi . temperatt .. . _ffici.. %)

- ° _a measur possible

Advantages « TC's:
- . ' sensiti .  to vibration
- 11 dimer = . (important for tilting pad bearings)

- ~ rt respo time (point measurement)

The possible applications of I J's and TC's (simplex and duplex types) are
shown in Fig. 1/, 79, 21, 7.




1.1.5.3 Shaft . ' ation Me: - :mnt

Presently . ft vibralic measurements are made with non-contacting

probes. The pickups of the various suppliers are made according to the

same st~  ds and - ' c ~refore interchangable. It seems that the eddy-
current .  .iple is {° ' most suitab e, as it al. -7s the monitoring of
shafts of . electric nducting r “erial and is not influenced by oil
or gas be.~--1 the pi- - - ' and the surface to be scanned.

Special ¢ . has to be given to the mechanical ri out during the manufac—

ture of the shafts. !.'.. uses a special protection after the shaft
reference : -faces are -, . wnd. The electrical runout is influenced by
the proper: ' = of the ° .«al. The - - netisation or other treatment of
the measu .. " surface i, .sier when the surface is arranged according to
Figure 24. .: service ° .ity of the n. .. ..ed surt ~. is considerably
increased - this der -

1.1.5.4 Axial P - s

- The axial ~'splaceme : ‘:asuring principle is the same as for the shaft

vibration . :asureme..” .

- A Key-F_- : is used . ' show the torsion behaviour of the shaft system.
Both instr its can L i . anged on the same shaft end. See Fig. 3 and 2.
1.1.5.5 Casing V' 1tion Me: =t

Accelera: .. .; are ust °~ { - the moni’ ring of the tooth and shaft fre-

quency and - ‘e been : to be a reliable measuring instruments. At a
low additi . cost, it is mounted on the outside of the casing where
space is ¢~ s availi'~
The inter; :ation of . - received signals is not always easy, as the
values may @ influenc by the structure on which the instrument is
mounted.

1.1.5.6 The Expl* ' n Protec-' | ~f the Instrur -ntation

Protection is required for electrical equipment and wiring, for all



voltages, : locations . -:-e fire or explosion hazards may exist due to
flammable ¢- s or vi, ., flamable liquids or combustible dust.

In order to equip the . . . instrumentat.-n with the correct protection
the requir¢ standard : -1l1d be indicated by the end user and/or the main

contractor, i.e. Cl-s- I, Division I, - upA -D, T 1 - 6.

The "Clas:. indicates '’ : hazardous location.

The "Divi-** " indic¢ -~ :he frequency of exposure to flammable material.
The "Group" indicates { : kind of flammable material and the "T 1 - 6"
indicates ' . ignition - _rature in a range from 450°C to 85°C.

Taking in' account t  very large variety of standards NEC (USA), CSA

(Canada) « 1 CENELEC ' “1ly in Europe), MAAG worked out a preferred and
possible . osion pr ° . rion for instruments on gears, Fig. 25 for NEC
and Fig. ! for CENEL' _ ¢ division I we recommend the use of Zener-
Diodes in ‘er to ma the system intrinsically safe. In this way
excessive s for f oof applications can ° : avoided for the same
safety lev . . (API 670 . dard), see Fig. 27 and ! 3. The MAAG quality
assurance gram has rmined 8 MAAG standards in order to cover all

Z;\\\iiplicable Tactrical . 'y codes, see Fig. 29- L.

Two Stgge* s

Above a g _ ratio of -ox. 10 there are two econamical solutions
possible:
- planet , gear (discussed later)

- two st . parallel shaft gear

The layout ¢ ..teria ¢ - ¢ = toothing, bearings, instruments, and lube o0il
system are !'1e same as ' : single stage gears. The two stage gear
solution -~ only sele¢ .~ 1in the cases where the price optimization of

the coupled machines gi' 5 an advantage. Additional free shaft ends can
be used to drive other . :illiaries. For gas turbines, integrated two

stage gears, covering 50 and 60 cycle generator .eeds, can be designed
in such a -, that only one stage has to be alt._._3 in order to provide

<

the other  ~d.



4.

k.

Figure 36 : ws such | lication.
Planetary ! s
Fig. 37 - 5 the ir . -~ 2d gear ratio range of the planetary gear.

Further a” ntages are ~ ~ coaxial arrangement, the compactness, and the

small int . ..

The reason 1t plane = ..” gears are used relatively infrequently in the
turbo machi.. .y field | the limited speed of the low speed side. Further

disavante - . of plane’ . gears are: the planet bearing temperature can
not be mei _.ed, in : .- of the PU type; lower efficiency; the higher
noise, if =~ annulus _* . teeth are not ground; and finally, the higher
price for ° lvidual } .ction. However planetary gears are very
succesful .. . lower s] . . high torque applications. See Fig. 38 of a
vertical 1 - tary ge . -1 the test bed and Fig 39 of a planetary gear
between w ° . turbine generator.

For spec? . applicatic ; i.e. gearsets for "gensets" (low speed), an

integrated =ign with ¢ :imised layout (elimination of the high speed

bearing) is ossible. ~ oved efficiencies compared with parallel shaft
gears and r overa! . = :-ts due to smaller par’ can be achieved with a
planetary « r soluti- .. 1. 40 shows the gear with shaft between a gas
turbine « 7 sun pinic . -° . 41 shows a two stage planetary gear between
agas tur . and gene .. . and Fig. 42 a two stage planetary gear with
the flexp -  -sign.

System Des |

MAAG consi- 3 as the1 " goal of the system design to find, for each

applicatic .. a reliable lution at reasonable costs. You, our customer
feel the pulse of life, e dreams for new products, the requirements of
new energy 1 the des” : for more saftey. Feasibility studies have to be
made and .’ this point . are in a position to assist you first. The
optimizati_.. of the mc .. A turbo machinery layout should be coordinated
with a la. : variety of gear options in order to find the highest ef-
ficiency, - the easiest maintenance, at reasonable costs. Fig. 43,44.



Quality A~ ,u rance Prc

The MAAG ¢n ity assuran . program is the umbrella that protects the
customer - . nst many k . 3 of perils. As an attachment to this paper,
some exam, -s of test , - 1s used for turbo gears are provided. These

take into « ‘'siderati the various specifications such as AGMA, API, DIN
etc., see Fi . 45, 46, « /-




_ "MPARISON . » = MAAG GEAR TC .TH ACCU ACIES

Gear Dat_

Type: GB-. "

Z1 : 103 dia 27 . in

Z2 : 46 dia 17 ..

m : 6.5 diamet . .tch 3.9

Tooth Act cy: = ACL

- w [ “'u
AGMA T AAG

Pinion

Pitch + . -tion fpt 2.9 1.3
Profil . “*ion Pf 4.5 1.4
Runout 13.9 9.1
Gear

Pitch v ' ition 3.3 1.4
Profil - . ation 5.6 1.6
Runout | 19.6 10.2

values in 1/1000 inch

Fig. 10 Caomparison between AGMA Quality 12
and Maaag Ouality S10
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RESISTANCF RESISTANCE
- TEMPERATL . TEMPERATURE
 DETECTORS DETEETURS

,  ~MERCURY-.. . MOMETER l MERCURY - THERMOMETER

] SECTION B-B
| SECTION AA

Fig. 18 Thermometers for direct measurement



VERSION M

RIGID OR FLEXIBLE CONDUITS TO JUNCTION BOX
SUPPLIED BV MAAG

PROBE TYPE IN: 1. [SIMPLEX OR DUPLEX]

TIP SENSITIVE,FOR U. IN:
RADIAL BEARINGS

TILTING PAD THRUST RINGS AT OIL L ET ﬁgy
¥ ?
Py -
THERMOCOUPLES ¢ TC?"“ [SIMPLEX] "
TC357 [DUPLEX]
RESISTANCE TEMP. DETECTORS : S4044 [SIMPLEX] 795.1205.01 795120701
S4046 [DUPl EX] 765.1206.01 795.1203.01
BEARING EMBED ":D TYPE . "7 . [SIMPLEX_ r
STEM SENSITIVE, FOR 1! IN:

RADIAL BEARINGS
TAPERLAND BEARINGS

TILTING PAD THRUST =7 * INGS AT OIL QUTLET

THERMOCOQUPLES : TC. 4

sy

795.1211.01 795.1212.01

795.1213.01

795.1220.01

RESISTANCE TEMP DET [10RS: S341
BEARING EMBED . ‘D TYPE i~ | . [DUPLEX]
TIP SENSITIVE, FOR L [ IN:
TAPERLANO AND TILTING PAD
RADIAL BEARINGS ONLY THRUST BEARINGS : }
USE TwO EMBEDOED TYPE SIMPLEX
THERMOCOUPLES: TC357 INSTR. AS A SUBSTITUTE FOR 10UPLEX
APPLY FOR GEAR SIZES GN-_ _ _ _ _ C ~— - _
GB-—- __— — __G0-72+98
RESISTANCE TEMP DET: TORS: S4046

APPLY FOR GEAR SIZT. GN-45+100 G -100
GB-40+60 GQuU-72+98

Fig. 19

instruments

TC: 799.1216.01
RTD: 795.1217.01

~

795.1220.01

Probe type and bearing embedded type



FITTING
NR. 1005

SECTION R-R

MIN. /5 OF
" BEARING WIDTH
TC344,SIMPLEX
S 341, SIMPLEX 795.1514.01. 4
795.1515.01.4
Fig. 20 Technical ¢ : 'ls of embedded type TC and RTD's
in radial *? rings

CLAMPS: 795.1514.01.4

FITTING 795.1515.01.4

NR. 1005
AGRO

TC344, SIMPLEX
S 341, SIMPLEX

7

’/YS\?’ o SECTION T-T _
&
|

Fig. 21 T- 1nical d:cails of embedded type TC and RTD's
in taper la - axial thrust bearing




13

GEAR CASING —

| MI/\WEATHERPROOF

v V—%«'NPT CONNECTION HEAD = MINCO
wE : F102-2T [4 TERMINALS]
J I 3 = $E F103-2T [6 TERMINALS]

| — Y — X

k3 ¢

Mo

a"NPT

T SPRING LOADED HOLDER

MINCO

]

F110-1

TC 356, SIMPLEX

w r] TC357, DUPLEX
1
N S 4044, SIMPLEX
\\;. "4\; l S 4046, DUPLEX
° 1 \ f
-
__J W [MIN,
W |HIN.
W 3
Fig. 22 T. "nical details of instruments for radial bearings
L . ted from ¢ tside of the casing
KRR iy/\WEATHERPROOF
o £ Yu NPT CONNECTION HEAD , MINCO
3 | 1/—_ * ’
2 ) ' F102-2T [4 TERMINALS]
| '? 2 . 3 F103-2T [6 TERMINALS]
™Sl a
- —1 25s
o 3l 2
2 m—4—
i A 7] 7 T SPRING LOADED HOLDER , MINCO
e 1 /}\3-‘3_ -
o F110 -1
GEAR CASING — | ¥+ NPT —
T THERMOWELL , MINCO
\ > F235.....
o Ul\ TC356, SIMPLEX
S TC357, DUPLEX
, S 4044, SIMPLEX
S 4046, DUPLEX
T
Fig. 23 T .hnical details of instruments for axial bearings

mounted from outside of the casing



nduit outet box
2T ':t‘ | CROUSE -HINDS

1{: ”'f GUAX 26/WOD/S 302
Tttt T GUAT 26/WOD/S 302
R

I 2 T
- %1 " Japter 795.3200.03.4
' 2R AY
02| :
g gjv ) h . ube
=lwol . //__ sserved surface
- _-‘ f = —%

Pick-up

o |
~ . 3 | :
l N
.g' ! o
¥ :
ﬁ' - -
Fig. 24

Technical details of the measured surface for a pick-up



Hazardous
Location

(determined

NEC - |
Artic
- "LOSION P

" _NAL ELECTRICAL CODE

. o)1 - Class I Locations
1" TON FOR INSTRUMENTS ON

1iEARS

.>Ferred (-, and possible (-) solutions for

.. %ion and

C1

Div: -

T1-*

by plant operator)

Protection
(normalTly
determined by
electr. system
engineer or
specifications)

FLAMEP!

'"MA 7 enc’

Rigid conduits

71

<002 V

707 71003 T

Flex
c
Possible

. 135/Cu)
' ts

solutions 700

700

..'004 V
<105 T

(e

ive)

Flex

MI-

. .duits
.ables

700

Note: 700

. JO06 V
. 14007 T

Care shall be ¢

Fig. 25

cised with

a1
. A-D

| Art 501-" ‘a)

;es)

- 2rature Monitoring Instruments

Class I
Division II
Group A-D
T1l-6

! !

|
Y

NONINCENDIVE
Art 501-3(b)1lb

(NEMA 4)

Rigid conduits

700.54008 V
700.54009 T

Flex conduits
(Anaconda)

700.540010 V
700.540011 T

INTRINSICALLY SAFE
NFPA 493-1978 =
and ANSI/ISA

RP 12.6 - 1976

(NEMA 4)

‘ Rigid conduits

| 700.54012 V
| 70054013 T

Flex. conduits
(Anaconda)

700.54014 Vv

| 700.54015 T

pect to selection of components as
customer specifi.-~ ions may call for requirements beyond the NE-Code.

Recommendation for expl- ~ion protection

FAY TN YITmAarnPf c My v o Y

~yv NI/



‘LL
CENE.
EN buuld

EC

IXPLOSION ~  TECTION FOR INSTRUMENENTS ON GEARS
Preferei. ==) and possible -) solutions for
Vibration ¢ = Temperature Monitoring Instruments
;e I | Zone 11
Hazardous (.ass IIA-C | ' Class IIA-C
Location T -6 Tl-6
{determined |
by p]ant . e —
operator) l
_ _L_i v 'R
EEx d | EEx e - EEx ib
Protection Tt AMEPROOF INCREASED SAFETY { INTRINSICALLY SAFET
(determined | ¥ 50018 EN 50019 ' EN 50020
by electr. _—
system engineer (seldom) -_'-'—'-J_'—'-f _ (EN 50039 for in-
or specifica- EEXx N | trinsically safe
tiors) NONINCENDIVE systems)
UK only
BS 4683, Part 3
-
|
|
Rigid nduits L Rigid conduits Rigid conduits
700,16 V | 700.54020 V 700.54026 V
700, 17 T 700.54021 T 700.54027 T
Possible | Flex. ' .duits Flex c.nduits Flex. conduits
solutions (7 u) (Anaconda) (Anaconda)
700.57 18 V | 700.540022 V 700.54028 V
700.L .19 T | 700.540023 T 700.54029 T
(expt .ire)
~lex (BN) conduits
1ex. SS conduits
700.54024 V
Note: 700.54025 T
Care shall be ext -ised with 1. .pect to selection of components as

customer specific: .ions may cal. for requirements beyond the Code.

Fig. 26

Recommendation for explosion protection
for instruments on gears for CENELEC



a5

a7

21000 PRIXIr1/TY PROBE
AND HOUSING ASSES?BLY
BENTLY NEVADA

Fig. 27 Example of r «id conduit connection for
vibration « _ . pment

245

Connection Head F105 MINCD

P
1.,-,! |
i .
C i i
1 ;
L

15

L3~ UNCTION BOX

Fig. 28 Example of fl1 (ible conduit for
stencil type thermometers



MAAG

UALITY ASSURANCE

INSTRUMI » ON GEARS IN HAZARDOUS AREAS
(NATIO! ' ELECTRICAL CL ‘£ - ART. 500)
‘' \G Standard 1 #*«*
N~ <ENDIVE . PMENT FOR VIBRATION AND TEMPERATURE
IDNITORING SYSTEMS
', IZED RIGID CONDUITS
Protection: Noni... ...dive equipment (NEC Art. 501.3(b)1b)
NEMA ' (min) enclosures
Rigi?® ¢ 1duits
Hazarc Locat: Class I/Division 2/Group C & D/T1-4
Electr’' 1 Equip "¢ approved for specified location
(by FM or CSA)
Probe, tension . '.le and proximitor
Suppl . ¢ 1 -ntly Nevada, 7200 Series
RTD/TC .obe and -:f -nsion cable
Suppli- . i1co
Approvi.. : * @ required
Proxi; . ' Housi , ™M/TC Marshiilling Box:
Suppl .. . : ITLY NEVADA/¢ DUSE HINDS
Type : - .MA 4
Mater -1 : - dip galvanized steel sheet
Appro ' L : ' ,/Csa
Inlet, let s I i"/1 1/4™ NPT
Vibrat: : Probe g r: approved by UL/CSA
Suppl’ : ~ .ouse-Hinds
Type : WX 26/NEMA 7
Mater’ " : ..-salloy
Condu. .
Type : rigid
Materi- . : _'lvanized steel pipe 1/2 "
Fittir _
Fitti - Type  |Material Supplier
Red. . ' cel 3/4- ~ | RE 21 |galv. steel|Crouse—Hinds
Nippel NP 1 galv. steel|Crouse-Hinds
Union UNY 105 |galv. steel|Crouse-Hinds
Capped elbow LBY 15 |feralloy Crouse-Hinds
T-type «onduit k- OET 1 feralloy Crouse-Hinds
Gland . tting MAAG ss MAAG

F1g. 29-36

Instruments on gears in hazardous areas

Maaa Standard 1=K

UeH



AAG UALITY ASSURANCE

INSTRUM! .. ON GEARS IN HAZARDOUS AREAS
(NATIO! ', ELECTRICAL CODE - ART. 500)

t* MAAG Standard 2 #=**
NON. CENDIVE 'IPMENT FOR VIBRATION AND TEMPERATURE
! DNITORING SYSTEMS
FLEXIBLE = "DUITS (ANACONDA "SEALTITE")

Protect: ua: Noni ive equipment (NEC Art. 501.3(b)1b)
NEMA 4 (min) encl- ures
Flex! ".e conduits

Hazard. Locatl Class I/Division 2/Group C & D/T1-4

Electr: - Equip- . : approved for specified location
(by FM or CSA)

Probe, 'tension " le and proximitor

Suppli. : ntly Nevada, 7200 Series
RTD/TC -~ :obe and . . .asion cable

Suppl. : - © . inco

Appro': | : - required

Proxii'- - r Housi - )/TC Marshalling Box:

Suppl. . : sNTLY NEVADA/CROUSE HINDS
Type : IMA 4

Materi : ! . dip galvanized steel sheet
Approv . : T ./CSA

Inlet/ ‘"ntlet : 2 /4"/1 1/4™ NPT

Vibrati : Probe " ° *s approved by UL/CSA

Suppl: - : : OUSE-HINDS

Type : JAX 26/NEMA 7

Materi : -<ralloy

Conduits:

Manufacturer : 'NACONDA

Type : L.A., flexible, sealtight with T & B

_.tings, 1/2" NPT
Ingress Protec—~ : IP 66
tion
Approval : »IDERWRITERS LABORATORIES (UL)



MAAG UALITY ASSURANTCE

INSTRUM! .} ON GEARS IN HAZARDOUS AREAS
(NATIC .. ELECTRICAL CODE - ART. 500)

' MAAG Standard 3 #¥**
RINSIC ' £ FOR VIBRATION AND TEMPERATURE
| DNITORING EQUIPMENT
A IZED RIGID CONDUITS

Prote .. 1: Intr’ .’ rally safe equipment
NE( .. 't. 500-1/NFPA 493-1978
Al' " "A RP 12.6
NEMA ‘' enclosures

Rigid duits
Hazard Locat: Class I/Division 1 & 2/Group A-D/T1-6
Electr’ :1 Equip "2 approved for specified location

(by FM or CSA)

Probe, . -ension . 'le and proximitor

Suppli: ¢ : " .atly Nevada, 7200 Series
RTD/TC :obe and extension cable

Suppli- . HE Yolo]

Approv: ! : : required

Proxili °~ . Housir ', 'D/TC Marshalling Box:
Suppl’ . : " TINTLY NEVADA/C DUSE H! IDS
Type : . ..1A 4

Mater: . : :eel sheet or feralloy
Blue 1: _'1 on box: ITRINSICALLY SAFE CIRCUIT
Termil - ' : .ue

Inlet, *:let o"/1 1/4" NPT

Vibrati | Probe . " 2

Supplier : C:rouse-Hinds

Type : X 26/NEMA 7

Material : - .-alloy

Condui

Type : ..gid

Materi 1 : s 1lvanized steel pipe 1/2"
Fitti Type Material Supplier
Red. . pel 3/4-1/2| RE 21 |galv. steel|Crouse-Hinds
Nippel NP 1 galv. steel|Crouse-Hinds
Union UNY 105|galv. steel|Crouse~Hinds
Capped elbow LBY 15 |feralloy Crouse-Hinds
T-type conduit b ~ | OET 1 feralloy Crouse-Hinds
Gland fitting MAAG ss MAAG

1o




MAAG QUALITY ASSURANCE

INSTRUM. .. ON GEARS IN HAZARDOUS AREAS
(NATION °~ ELECTRICAL CODE - ART. 500)
‘-  MAAG Standard 4 **+*
E APROOF | .ENT FOR VIBRATION AND TEMPERATURE
'ITORING SYSTEMS
RIGID CONDUITS
Protect n: Flan . »f equipment (NEC Art. 501)
NEMA " iclosures
Rigid - ___ 1its
Hazard Location: Class I/Division ' & 2/Group C & D/T1-4
Electri: 1 Equi, approved for specified location
(by FM or CSA)
Probe, (. tension . "_e and proximitor
Supplier : _'ntly Nevada, 7200 Series
RTD/TC : -be and ‘- - :nsion cable
Suppli: :  .nco
Approv : 't required
Proximi* : Housii . 'D/TC Marshalling Box: approved by UL/CSA
Suppli - : NTLY NEVADA/CROUSE HINDS
Type : ™A 7
Materi - . : ‘'vanized feralloy
Inlet, "'let s "/1 1/4™ NPT
Vibrat Probe | 's approved by UL/CSA
Suppli : .ouse-Hinds
Type : IAX 26/NEMA 7
Materi ... : .. vanized feralloy
Condui :: approv:: - UL/CSA
Type : gid
Materi . : i1lvanized steel pipe 1/2 "
Fittin_:
Fitti Type Material Supplier
Red. ' _pel 3/4- RE 21 |galv. steel|Crouse-Hinds
Nippel NP 1 galv. steel|Crouse-Hinds
Union UNY 105|galv. steel|Crouse-Hinds
Capped elbow LBY 15 [feralloy Crouse—Hinds
T-type conduit t OET 1 feralloy Crouse-Hinds
Seali - fitting EYS 1 alu Killark
Gland ‘itting MAAG ss MAAG
mi~Ne A9




MAAG QUALITY ASSURANCE

INSTRUMI

1
IN1 .3IC SAF!.

INC_ "5ZD SAFE’

G -

Prote : =n: Intr
Incri
IP 6!
Galvwi

Hazar: . Locati

Elect. -+ 1 Equitg

Probe, (. tension

Suppl.

RTD/TC | obe and

Suppl

Apprc  *

a) r 7 itor Hc

Suppl’ .-

Ingre . lrotecti.

Materi ..

a)Bluv- . "bel on .

b)Cer . ication

Vibr: - Probe
Suppl

Type

Materi '

Condui’

Fitt .

ON GEARS IN HAZARDOUS AREAS

(CENELEC - EN 50014)

MAAG Standard 5 #*#x%

FOR VIBRATION MONITORING EQUIPMENT
FOR TEMPERATURE MONITORING EQUIPMENT
“I[IZED RIGID CONDUITS

‘c safety - EEx ib 2A-C T1-6 (EN 50020)

d safety - EEx e 2A-C T1-6 (EN 50019)
'losures in acc with IEC 144

i d rigid conduits

: Zone 1 & 2 / Group IIA-C / T1-6

t: approved for specified location
(by BASEEFA or equal)

' .e and proximitor
: Bently Nevada, 7200 Series

:nsion cable
Minco
not required

" |, b) Marshalling Box (RTD,TC):

KLIPPON, STAHL or BBC

IP 65

: Hot dip galvanized steel sheet
- INTRINSICALLY SAFE CIRCUIT

: BASEEFA certified unit

LR o

¢ Crouse-Hinds
: GUAX 26/NEMA 7
: Feralloy

: rigid, galvanized steel pipe 1/2"

Type Material Supplier

Nippr-~ .

Union

Capped elbow
T-ty_: conduit .
Gland fitting

Fig. 33

Red. ‘ippel 3/4-1/2| RE 21 |galv. steel|Crouse-Hinds

©. OET 1

NP 1 galv. steel|Crouse-Hinds
UNY 105jgalv. steel|Crouse-Hinds
LBY 15 |feralloy Crouse-Hinds
feralloy Crouse-Hinds
| MAAG ss MAAG

v



MAAG QUALITY ASSURANCE

INSTRUC .S ON GEARS IN HAZARDOUS AREAS
( 'ENELEC - EN 50014)

- | AG Standard 6 **¥*
I! NSIC S™ .... FOR VIBRATION MONITORING EQUIPMENT
IN SED SAFE . FOR TEMPE ' .I' 'E MONITORING EQUIPMENT
F  TI3ILE SEALTI' . CONDUITS

Prot- :ion: Intr . _c safety - EEx ib 2A T1-4 (EN 50020)
Inc. - :d safety - EEx e 2A T1-4 (EN 50019)
IP ‘ iclosures in acc with IEC 144
FPlex ' conduits (Anaconda "Sealtite")

Hazar. s Locat - : Z2one 1 & 2 / Group IIA / T1-4

Electr .ral Equi " :: approved for specified location
(by BASEEFA or equal)

Probe, extension - )le and proximitor

Suppli - : Bently Nevada, 7200 Series
RTD/TC probe and ‘ension cable

Suppl .. : Minco

Appr .1l ¢ not required

a) P. :imitor HO - "1, b) Marshalling Box (RTD,TC):
Suppli: - ¢+ KLIPPON, STAHL or BBC

Ingr- =i Protect - : IP 65

Mate . . : Hot dip galvanized steel sheet
a)Blue label on INTRINSIC .Y SAFE . RCUIT
b)Ce.:ification : BASEEFA certified unit

Viby =" n Probe : .ler:

Suppli _ : Crouse-Hinds

Type : GUAX 26/NEMA 7

Material : Feralloy

Cond .- :

Manuf ‘'turer Anaconda

Type E.F., flexible, sealtight with T & B
fitings, 1/2" NPT

Ingr. . Protec- : IP 66

tion

Appr: ..1 : VDE



MAAG (Q ALITY ASSURANCE
INSTRUM| . ON GEARS IN HAZARDOU : AREAS
.. INELEC - EN 50014)
' - MAAG Standard 7 ***
INTRINSI( - Y SAFE EQUIPMENT FOR ' . 3RATION
TEM \TURE MONITORING SYSTEMS
. .NIZED RIGID CONDUITS
Protc ‘n: Intr ..c safety - EEx ib 2A-C T1-6
in - with EN ! 97
IP 54 - ‘:losures in acc with IEC 144
Rigid uits
Hazar' . Locati. ¢ Zone 1 & 2 / Group II*-C / T1-6

Electr .cal Equig

Probe,
Suppli

extension

RTD/TC ' .obe and

Suppl. ..
Approva.

Proxi .1-

Suppli
Type
Materi:
Blue 1. °
Termir

Vibrat’
Suppli: ..

Type
Materi-’

Condui ' :

Type
Material
Fitti. .

> Housi

1l on box

Probe

Fitting

Nipr -
Unior
Capgp

Red. 1iippel 3/4-

. elbow
T-tyr @ conduit ~
Gland 1

“ting

e R=

;¢ approved for specified location
(by BASEEFA or equal)

- Le and proximitor

~

ntly Nevada, 7200 Series

‘ension cable
.'inco
. 1t reqguired

. "D/TC Marshalling Box:

| uTPPON, STAHL or BBC

'+ 54
.eel sheet, epoxy coating
. IRINSICALLY SAFE CIRCUIT
e

KR

“'rouse-Hinds
GJAX 26/NEMA 7

Feralloy

rigid

« lvanized steel pipe 1/2"

| Type Material 'Supplier

{

' RE 21 galv. steel Crouse-Hinds
NP 1 galv. steel|Crouse-Hinds
UNY 105)galv. steel|Crouse-Hinds
LBY 15 {feralloy Crouse-Hinds
QET 1 feralloy Crouse-Hinds
MAAG ss MAAG




MAAG UALITY ASSURANCE

INSTRUM] ..} ON GEARS IN HAZARDOUS AREAS
(CL.NELEC - EN 50014)

' MAAG Standard 8 **x*
F'.. PROOF E( . 'MENT FOR VIBRATION AND TEMPERATURE
. NITORING SYSTEMS
RIGID CONDUITS

Protect.’ 1: Flam¢ .. € - EEx 4 IIA T1-4
in .: with EN 50018,
Flame¢ .. f enclosures,
Rigid . duits.
Hazarc Locatic - T-ne 1 & ! /Cocup IIA/T1-4
Electr --1 Equir . .: approved for specified location

(by BASEEFA or equal)

Probe, tension vle and proximitor

Supplier : 1 atly Nevada, 7200 Series
RTD/T” .obe and ex’'.. asion cable

Suppl_ . : 'linco

Apprc. 11 : not required

Proxi: : Housi _ ‘i..v/TC Marshalling Box:

Suppli . : PETREL/STAHL

Type : l'lameproof

Material : .t dip galvanized cast iron

."th epoxy coating

Approval : 12 3EEFA or equal

Vibrat: Probe ©oore

Suppl . : PETREL

Type : 8720 series/flameproof

Mater : 1 : Hot dip galvanized cast iron

Approval : . "3EEFA or equal

Conduit

Type : rigid

Mater. °’ : .-lvanized steel pipe 1/2"
Fittin_ - : flameproof (BASEEFA or equal where applic.)
Fitti _ Type Material Supplier
Red. nippel 3/4-1/2| RE 21 |galvanized |PETREL/STAHL
Nippel NP 1 cast iron "
Union UNY 105 " "
Capped elbow LBY 15 " "
T-type conduit body! OET 1 " "

Seal_ , fitting EYS 1 " "
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