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1 BUPOBHHUILTBO TA OBPOBKA METAJY

1.1 Mepekaan Ta nepexyaganbKuii anamiz tekery “Bringing the
Heat”

3appanns 1. 3HaiiniTe y Tabnuii aHTTIOMOBHI Ta yKpaiHCBKOMOBHI
BiJIMIOBIAHUKYA BHKOPHUCTAHUM y TEKCTI TEpMiHAM Ta TEPMiHOJOTIYHUM
CJIOBOCTIOITYYCHHSIM.

1. extrusion a. JIOIMyCK

2. flow distribution b. satuckuuit npucTpiit, 3aTHCKaY

3. heat treating C. BIJUTHBOK

4. convection heating | d. BugaBienuit npodinn

5. tolerance €. PO3IMOJILIT CTOKY

6. forging f. TepmiuHa 00poOKa

7. fixture g. BUTpaTOMip

8. flowmeter h. BUKyBaHeIb, BHKOBOK

9. casting I. BiIOMBHA TIEpEropo/Ika, HaMpsIMHA JIOTaTKa
10. baffle(s) J. KOHBEKITIHUIA HAarpiB

3apnanns 2. Ilpounraiite TekcT. BuzHaute B HhOMY TEpMiHH Ta
TEPMIHOJIOTIUHI CJIOBOCHOIYYECHHS, HE TMPEACTaBICHI y TONEPeTHOMY
3apmanHi. [lepexnmamiTh X  yKpalHCBKOIO  MOBOK,  3a3HAvYar04u
BUKOPHCTaHUH CIOCiO nepekiiaaanbkoi TpanchopMariii.

BRINGING THE HEAT

Heat treating can add value to some finished castings, and some cus-
tomers' orders include heat-treating as a design element. But, heat treating
is not casting, so metalcasters may not be entirely up to date on advances in
the technology. Never mind: there are people for that, and they have ideas.

Mass heating. Last June, Seco/Warwick Corp.'s Aluminum Group
made a patent application for its "Method for uniform flow distribution of
recirculated process gas in heat processing equipment.” It is the product of
an ongoing, continuous-improvement project directed at improving the
heating rate of aluminum castings (as well as forgings, and extrusions), and
improving the metallurgical results, while lowering the process cycle times.

Most heat-treating systems for castings involve mass-flow heating or
solution heat treating, and each presents some inefficiencies. In mass-flow
heating, load spacing and distances need to be managed carefully in order




to achieve uniformity. In solution heat treating, load sizes and production
demands mean that load densities must be factored into heating times.
Also, after heating, the load is subjected to several hours of holding at a
uniform temperature, followed by quenching in water or a water/glycol
mixture, to lock in the effects of hardening.

Customer requirements for more efficient equipment and reduced
cycle times prompted Seco to seek a new approach based on convection
heating. Convection involves creating a furnace atmosphere in which
circulating currents transfer heat from comparatively high-temperature
regions to comparatively low-temperature areas.

Seco already has a number of earlier innovations with convection
heating and cooling, and while this effort is still in the testing phase, the
Aluminum Group's project engineer Jack Mahoney recently listed several
advantages convection offers for mass heating.

Improved Uniformity. "Metallurgists and customers alike are
demanding closer temperature tolerances than ever before," according to
Mahoney, "with more specifications written that include uniformities of 2°-
3°F. Many aircraft suppliers have even more stringent requirements
regarding maximum air temperatures used for heating. For example, often
times we are given specifications that state a metal temperature tolerance of
+3°F using an air temperature that may be only 2°-3°F higher than the max-
imum metal temperature. How the air is directed to the work becomes even
more critical as things like baskets, internal fixtures, and even the load
itself can affect the path the heating air takes."

Reduced Heating Time. The speed of heating air passing across the
load determines the time it takes to heat the work, according to Mahoney.
Typically, mass-flow systems have a fan positioned at a distance and a
series of baffles, zone dividers, and vanes direct air through the load.
Referring to the convection process, he writes: "The jet-heated system
positions the discharge of heating air close to the load with direct impinge-
ment of air onto the work via the jets. The speed in which the air contacts
the work is increased, which causes the heating coefficient to rise, thereby
speeding up the heating time".

Metallurgical Benefits. Mahoney cites a test showing that
aluminum castings can, in some cases, achieve the desired tensile and
hardness qualities in less time using the new approach. "By closely con-
trolling the heating rate, the soak time can be reduced. Normal operating
procedures that typically require one hour to heat and four hours to soak



have been reduced to 20 minutes to heat and one hour to soak, while
achieving acceptable metal properties".

Hot, and fast. Last fall Dana Corp. introduced a new heat-treating
technology, AtmoPlas atmospheric plasma microwave technology. By
using microwave-absorbing plasma, this process heats metal parts up to
1,200°C in seconds and controls arcing. Traditionally, microwave
technology requires creating a vacuum, but AtmoPlas operates at at-
mospheric pressure.

Another big plus for AtmoPlas is the evidence that it reduces energy
(95% of the energy created is absorbed) and maintenance costs. Tests show
equivalent or better metallurgical properties than those produced by blast
furnaces. (Dana indicates it may be used with advanced ceramics and hard
metal coatings as well as metal parts.) The plasma-generating process may
be adapted to other metal processes, too, like brazing, sintering,
carburizing, annealing, tempering, and nitriding.

New flowmeter. Finally, those seeking a more immediate solution,
Fluid Components Intl. has introduced a mass flowmeter, it says, sets a new
price-performance standard. The ST75 Series flowmeter measures and
monitors gas flows in line sizes from 0.25 to 2.0 in. (6 to 51mm) with a
single instrument and provides three outputs of the mass flow rate, totalized
flow, and gas temperature Combining a non-clogging, small-size thermal-
dispersion sensing element with microprocessor-based electronics and
precision calibration, the ST75 delivers fast, direct mass flow measurement
without routine maintenance scheduling. It's available in nine different line
size configurations (0.25 and 2 in.; 6 to 51 mm) in standard T-fittings,
either NPT or tube, for easy in-line installation. It services a flow range
from 0.008 to 839 SCFM (0.013 to 1425 NCMH) depending on line size,
making it suitable for low-flow and high-flow applications in industrial
furnaces, ovens, and heat-treating systems.

3aBmannst 3. 3BepHITH yBary Ha BUKOPUCTaHI y TEKCTi iMeHa, Ha3BU
opramizamii Ta ix mpoaykuii. BusHaure, sKy nepekiIaganbKy
TpaHchOpMaIlito JOIITEHO BUKOPUCTATH MpH iX mepeknani: Jack Mahoney,
Seco/Warwick Corp.'s Aluminum Group, Dana Corp., Fluid Components
Intl., AtmoPlas technology, ST75 Series flowmeter.

3apnands 4. Hanmaiite xapakTepHCTHKy Ta TMepeKiiaj CKIaIHIM
TEPMIHOJIOIIYHUM  CJOBOCIOJIYYCHHSM, BHKOPHCTAaHMM Y  TEKCTI.



IMpokomeHnTyiiTe cmocobu ix mepekimamy: solution heat treating,
comparatively high-temperature regions, metal temperature tolerance,
atmospheric plasma microwave technology, price-performance standard,
mass flow rate, non-clogging, small-size thermal-dispersion sensing
element, direct mass flow measurement, routine maintenance scheduling.

3aBnannsa 5. [lepexnaniTe peueHHs 3 TEKCTY, 3BEpTAlOYM yBary Ha
0COOJIMBOCTI TepeKiaay CKIAIHUX MOJaNbHUX NpuCyakiB. Hanadite
KOMEHTap.

1. Heat treating can add value to some finished castings.

2. But, heat treating is not casting, so metalcasters may not be
entirely up to date on advances in the technology.

3. In solution heat treating, load sizes and production demands mean
that load densities must be factored into heating times.

4. How the air is directed to the work becomes even more critical as
things like baskets, internal fixtures, and even the load itself can affect the
path the heating air takes.

5. Mahoney cites a test showing that aluminum castings can, in some
cases, achieve the desired tensile and hardness qualities in less time using
the new approach.

6. By closely controlling the heating rate, the soak time can be
reduced.

7. Dana indicates it may be used with advanced ceramics and hard
metal coatings as well as metal parts.

3apnanns 6. [lepeknaniTe pedyeHHs 3 TEKCTy, 3BEPTAlOUYM yBary Ha
oco0yMBOCTI mepekiany (opM IMMAacMBHOTO CTaHy JieciioBa. Hanabite
KOMEHTap.

1. Also, after heating, the load is subjected to several hours of
holding at a uniform temperature, followed by quenching in water or a
water/glycol mixture, to lock in the effects of hardening.

2. For example, often times we are given specifications that state a
metal temperature tolerance of +3°F using an air temperature that may be
only 2°-3°F higher than the maximum metal temperature.

3. How the air is directed to the work becomes even more critical as
things like baskets, internal fixtures, and even the load itself can affect the
path the heating air takes."

4. Normal operating procedures that typically require one hour to



heat and four hours to soak have been reduced to 20 minutes to heat and
one hour to soak, while achieving acceptable metal properties.

5. In mass-flow heating, load spacing and distances need to be
managed carefully in order to achieve uniformity.

6. The plasma-generating process may be adapted to other metal
processes, too, like brazing, sintering, carburizing, annealing, tempering,
and nitriding.

3apnannsi 7. 3po0iTh MHCHMOBHIA Tiepekian Tekcty “Bringing the
Heat”, 3Bepratounm yBary Ha OCOOJUBOCTI Ta crenudiky MepeKiasy
JICKCHYHMX, TPAMATHYHUX T4 CTHIICTHYHNUX KOHCTPYKITiH.

3aBnannsa 8. 3po0iTh MUCHMOBHM MEPEKIall TEKCTY YKPaiHCHKOO,
BUKOPHUCTOBYIOUH CIELiaNbHY TEPMiHOJIOTIIO.

TepmiuHa 00poOKa monsArae y 3MiHI CTPYKTYpPH METAaTiB 1 CIUIaBiB
Opy HarpiBaHHi, BUAEPXKYBaHHI Ta OXOJO/PKEHHI, 3TiHO CIHELiallbHOTO
peXHMy, i THM CaMHM, Yy 3MiHi BIACTHBOCTEH oOcTaHHIX. B ocHOBI
TepMiuHOI OOpOOKM CTallell JeXXHTh TepeKpHUcTaTizallis ayCcTeHITy Npu
oxonomkeHHi. Ilepexpucramizaiis Moxe BinOyTHcs AuQy3iiHEUM abo
0e3nndy3iiftHuM crocobamu. 3aJeXHO BijJ TMEPEOXONO/KEHHST ayCTEHIT
MO’K€ TIEPETBOPIOBATHCS Y Pi3HI CTPYKTYPH 3 PI3SHUMH BIIACTUBOCTSIMH.

[MoBuuit audy3ifiHMA po3man aycTeHiTy BiIOyBaeTbes MpH
HE3HAYHOMY TMEPEOXOJOKeHHI. Y JaHOMY BHIAJKy YTBOPIOETHCS
TUTACTUHYACTUH TepimiT (MexaHiyHa cymim (epury 1 IEeMEeHTUTY
BTOpUHHOTO). SKmio mnepeoxonomkeHHs 30iumemmutn a0 373-393 0K,
TUTACTUHKUA (EPUTY 1 IEMEHTUTY BCTHTalOTh BUPOCTH TIJIBKH JO TOBIIUHH
(0,25-0,30 MHM), TaKky CTPYKTYpY Ha3uBarOTh copOiToM. TBEpaiCTb COpOITY
BUIIIA 32 TBEPAICTh MEPIITY.

Komu mepeoxonomxennss nocsirae 453-473 0K, picT minacTWHOK
npunuHsieThcs Ha ToBmmHI 0,1-0,15 MHM, Taka CTpyKTypa Ha3WBa€THCA
TpoocTUTOM. TBEpAiCTh TPOOCTHUTY BHUILIA BiJ TBEPAOCTI COpOITY.

IIpu 3HauHOMy mepeoxojomkeHHI aycreHiTy (mo 513 0K)
TUQY3IHHUA po3Maj HOTO CTAaE HEMOMJIMBUM, IEPEKPUCTANI3Allis Mae
O0e3nudysiiHuit  xapakrep. Y TakOMy  BHINAAKy  YTBOPIOETHCS
NepeHacHYeHUil TBEpAM PO3UMH BYTJIELIO B a-3ali3i, KU Ha3MBAETHCSA
MapTeHCUTOM. TBEpiCTh MAPTEHCHUTY BHUIIA Bijl TBEPJOCTI TPOOCTHTY.



1.2 Ilepexnan Ta nepexiaagaubkuii anauais texery “The Effect of
Cold Work on the Thermal Stability of Residual Compression in
Surface Enhanced IN718”

3aBnanusa 1. 3HaliAiTe y TaOIUII aHTIIOMOBHI Ta YKpaiHCHKOMOBHI
BIJIMOBITHUKA BWUKOPHCTAHMUM Vy TEKCTI TEpMiHaM Ta TEPMIHOJIOTiYHUM
CIIOBOCHOTYYCHHSIM.

1. fatigue life d. TanTyBaHHs;, TMOJIPYBaHHA CTaJILHUMH
KyJIbKaMH

2. crack initiation b. moxpuBHiCTE

3. crack propagation C. TEPMOCTIHKICTB

4. cold work d. KyT 3iTKHEHHS

5. order of magnitude €. OIINPEHHS TPIiHHU

6. peening f. TeruoBa penakcartist

7. surface enhancement | g. HarapTyBaHHS; HaKJIen

8. shot h. 1pi6

9. ball burnishing 1. yTOMHa MiIHICTh

10. velocity j. 3MIITHIOBAHHsI TOBEPXHi

11. thermal stability k. 3a;innkoBa KOMIpecist

12. coverage |. BUHUKHEHHS TPIIIMHH

13. impingement angle M. MBUAKICTh

14. residual compression | n. xonoaHa 06poOKa

15. thermal relaxation 0. TIOPSIJIOK BEJINYNHH

3aBmanns 2. Ilpounraiite Tekct. BuzHaute B HhOMY TEpMiHH Ta
TEPMIHOJIOTIUHI CJIOBOCHOIYYEHHS, HE TMPEACTaBICHI y TONEPeTHOMY
3apmaHHi. llepexmanmiTe 1X  yKpaiHCBKOIO  MOBOIO,  3a3Hadalouu
BUKOPHCTaHUH CIOCiO nepekiiaaanbkoi TpanchopMariii.

THE EFFECT OF COLD WORK ON THE THERMAL
STABILITY OF RESIDUAL COMPRESSION IN SURFACE
ENHANCED IN718

Surface enhancement is widely used to improve the fatigue life of
components by creating a surface layer of compressive residual stress that
delays fatigue crack initiation and retards small crack propagation.
However, the benefits of surface enhancement are lost if the compressive
layer relaxes at the operating temperature of the component. Surface
enhancement methods producing minimal cold work are shown to produce
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the most thermally stable compression.

The residual stress and cold work distributions developed in IN718
by shot peening, gravity peening, laser shock peening (LSP) and low
plasticity burnishing (LPB) are compared. Thermal relaxation at
temperatures ranging from 525 C° to 670 C° is correlated to the degree of
cold working, independent of the method of surface enhancement. Highly
cold worked (>15%) shot peened surfaces relax to half the initial level of
compression in only minutes at all temperatures investigated. The rapid
initial relaxation is shown to be virtually independent of either time or
temperature from 525 C° to 670 C°. High cycle fatigue (HCF) performance
after elevated temperature exposure is compared for surfaces treated by
LPB and conventional (8A intensity) shot peening.

Since the introduction of shot peening, the HCF life of components
has been improved by "surface enhancement” to induce a surface layer of
compressive residual stress. The compressive layer resists both crack
initiation and small crack propagation, and the subsurface residual stress
has long been correlated with improved HCF strength. However, if the
residual compression relaxes during service, the fatigue benefits are lost.
Risk of relaxation prevents designers from "taking credit" for the benefits
of surface enhancement. Of the three mechanisms for residual stress re-
laxation: thermal, overload, and cyclic, only thermal relaxation is
significant for nickel base superalloys in HCF limited applications. This
paper summarizes research of the thermal stability of surface enhancement
methods applied to the nickel base superalloy, IN718.

Surface Enhancement Methods. All mechanical surface
enhancement methods create a layer of compressive residual stress by
tensile deformation of the surface, but differ in the magnitude and form of
the resulting residual stress and cold work (plastic deformation)
distributions produced. The residual stress and cold work distributions pro-
duced by conventional shot peening, gravity peening, laser shock peening
(LSP), and low plasticity burnishing (LPB) of IN718 are compared in
Figure 1. Surface compression is comparable, but the compressive depths
differ by an order of magnitude. Cold working ranges from 40% at the shot
peened surface to a few percent for LPB.

The depth of the compressive layer and the degree of cold working
produced by shot peening depend upon the peening parameters: shot size,
velocity, coverage, and impingement angle. Shot impact stretches the
surface in tension, leaving a compressive dimple. Because shot impacts are
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random, peening results in multiple overlapping impacts and a surface
highly cold worked from 10% to 50%. Cold work is accumulative, and
increases with coverage or repeated shot peening applications. The depth
and degree of cold working increase with peening intensity. Surface
compression may decrease during shot peening of work hardening alloys as
the yield strength of the surface increases with continued cold working.

Gravity peening utilizes the same mechanism as shot peening, but
employs fewer impacts of larger shot, producing less cold work and
improved surface finish. Compression comparable to shot peening is
achieved with 5 to 10% cold work.

Conventional roller or ball burnishing and "deep rolling"” tools are
pressed into the surface of the work piece with sufficient force to deform
the near surface layers with multiple passes, often under increasing load, to
improve surface finish and cold work the surface for improved strength.
Fatigue enhancement is attributed to improved finish, the development of a
compressive surface layer, and the increased yield strength of the cold
worked surface. X-ray diffraction line broadening and micro-hardness
studies of deep rolling reveal cold work even greater than shot peening.

Laser shock peening (LSP) has been applied to a variety of alloys
including titanium, nickel superalloys, and steels. LSP produces a compres-
sive layer of comparable magnitude to shot peening, but much deeper with
less cold work. Single shock LSP can produce high surface compression
with less than 1% cold work, affording excellent thermal stability in IN718.
However, multiple laser shock cycles are required to produce compression
to depths of 1mm (3X in Figure 1), accumulating cold work to 5-7%.

Low plasticity burnishing (LPB) produces a deep layer of high
compression, comparable to LSP, but with improved surface finish, lower
cost, and minimal cold work, typically an order of magnitude lower than
deep rolling and conventional burnishing. The material, heat treatment,
processing and testing details have been described in detail previously.

Conclusions. The compressive layer induced by shot peening of
IN718 relaxes very rapidly at moderate turbine engine temperatures.
Regardless of the surface treatment method, thermal relaxation depends
strongly on the degree of cold work and dislocation density induced. Rapid
initial relaxation is nearly independent of exposure temperature or time, and
primarily a function of cold work above a threshold of a few percent.
Surface enhancement methods such as LSP and LPB that produce minimal,
cold work, offer the greatest resistance to thermal relaxation.
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3aBnannst 3. Hapnaiite XapakTepuUCTHKY Ta TEpeKNaa CKIaIHUM
TEPMIHOJOTIYHAM  CJIOBOCTIOTYYEHHSM, BHKOPHUCTAHHM Y  TEKCTI.
IIpoxomenTyiiTe crocobu ix mepeknaamy: compressive residual stress, cold
work distribution, highly cold worked shot peened surfaces, highly cycle
fatigue performance, nickel base superalloys, laser shock peening, low
plasticity burnishing, repeated shot peening applications, compressive
surface layer, increased vyield strength, moderate turbine engine
temperatures.

3aBnannsa 4. [lepexnaniTe peueHHs 3 TEKCTY, 3BEpTAlOYM yBary Ha
0co0JIMBOCTI Tepeknany (opM IMMAacMBHOTO CTaHy JieciioBa. Hanabite
KOMEHTAp.

1. The residual stress and cold work distributions developed in
IN718 by shot peening, gravity peening, laser shock peening (LSP) and low
plasticity burnishing (LPB) are compared.

2. Thermal relaxation at temperatures ranging from 525 C° to 670 C°
is correlated to the degree of cold working, independent of the method of
surface enhancement.

3. Since the introduction of shot peening, the HCF life of
components has been improved by "surface enhancement” to induce a
surface layer of compressive residual stress.

4. The compressive layer resists both crack initiation and small crack
propagation, and the subsurface residual stress has long been correlated
with improved HCF strength.

5. Compression comparable to shot peening is achieved with 5 to
10% cold work.

6. Conventional roller or ball burnishing and "deep rolling" tools are
pressed into the surface of the work piece with sufficient force to deform
the near surface layers with multiple passes.

7. Laser shock peening has been applied to a variety of alloys includ-
ing titanium, nickel superalloys, and steels.

8. The material, heat treatment, processing and testing details have
been described in detail previously.

3apnannsa 5. IlpoananizyiiTe pedeHHS 3 TEKCTy, BU3HAYaIOUu BHU]
NpUCYJKa Ta BKa3ylOUuH afeKBaTHUH crocid Horo nepexiany.

1. Surface enhancement is widely used to improve the fatigue life of
components by creating a surface layer of compressive residual stress that
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delays fatigue crack initiation and retards small crack propagation.

2. Surface enhancement methods producing minimal cold work are
shown to produce the most thermally stable compression.

3. The rapid initial relaxation is shown to be virtually independent of
either time or temperature from 525 C° to 670 C°.

4. However, if the residual compression relaxes during service, the
fatigue benefits are lost.

5. All mechanical surface enhancement methods create a layer of
compressive residual stress by tensile deformation of the surface, but differ
in the magnitude and form of the resulting residual stress and cold work
(plastic deformation) distributions produced.

6. Surface compression is comparable, but the compressive depths
differ by an order of magnitude.

7. Cold work is accumulative, and increases with coverage or
repeated shot peening applications.

8. Surface compression may decrease during shot peening of work
hardening alloys.

9. However, multiple laser shock cycles are required to produce
compression to depths of 1mm, accumulating cold work to 5-7%.

10. Surface enhancement methods that produce minimal, cold work,
offer the greatest resistance to thermal relaxation.

3ananns 6. 3po06iTe nuckMoBHIA nepeknan tekcry “The Effect of
Cold Work on the Thermal Stability of Residual Compression in Surface
Enhanced IN718”, 3Bepratoum yBary Ha OCOOJMBOCTI Ta crerudiky
nepeksany JISKCHYHNX, TPAMAaTHYHUX Ta CTHIICTHYHUX KOHCTPYKIIIH.

3aBnanHsa 7. 3po0iTh MUCHMOBHM MEpPEKyaJl TEKCTY YKPaiHCHKOIO,
BUKOPHCTOBYIOUH CIIEliabHY TEPMiHOJIOTIIO.

XiMIKO-TEpMIYHOIO 00pOOKOI0 HA3WUBAIOTh HACUYEHHS TIOBEPXHI
BUPOOY PI3HUMU €IEMEHTaMH.

Merta ximiko-TepMiuHOi OOpOOKHM - HagaTH IMOBEPXHEBOMY IIApy
CTAJIbHUX JIeTaJIed MiJBUIIEHOT TBEPIOCTI, 3HOCOCTIHKOCTI, HKapOCTINKOCTI,
KOpO3iiiHo1 cTiiikocTi Ta iH. [y mporo HarpiTi Aerani NMOMILIAIOTH Y
CepeloBHILE, 3 SKOro B mpoueci qudy3ii y moBepXHEBUI Iap NepexoasTh
JesIKi eleMeHTH (BYTJIelb, 30T, aTFOMiHIN, XpOM, KpeMHii, 0op Ta iH.).
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Taki emeMeHTH HaWKpalle TMONIMHAIOTECSA TOMI, KOJMH BOHH
BUJUIAIOTECS B aTOMapHOMY CTaHI NpH po3mali AKOi-HeOyAb CIIONYKH.
[oniOuuit po3na Halnerme BiIOyBaeThCs y razax, TOMY iX 1 HAMararoTbCs
3aCTOCOBYBATH AJIs1 XIMiKO-TEpMi4HOI 0OpOOKH cTalli. AKTUBI30BaHUH aTOM
€JIeMEHTa, 110 BUAUIAETHCS TPU PO3MAalli, MPOHUKAE Y PEHIITKY KPHCTATIB
CTali 1 YTBOpIOE TBepaWHA po3dyuH abo  XIMIYHY  CIIONYKY.
Haiimommpenimmmy  BUJaMu  XIMIKO-TePMiuHOi 0O0poOkKM  cTami €
[EeMEHTAaIlis, a30TyBaHH:, [liaHyBaHHA, AU(Y3iifHa MeTalTi3aIlis.

LlemenTariero Ha3MBA€THCS HACHYCHHS TTOBEPXHI CTAILHOTO BHPOOY
ByrneneM. llicns 3arapTyBaHHS Takoro BHpPOOY BiH CTa€ TBEpAMM Ha
MOBEPXHI 1 B'I3KMM y cepiieBuHi. lleMeHTaIlii miagaTh B OCHOBHOMY
JleTalli, SKi MpaIfoloTh Ha CTHpPaHHS 1 ymap omHovacHo. llemeHTtartis
npuaaTHa s MaloOByIJleneBUX crajed. € 1Ba BHUAM IIEMEHTALl:
[IEMEHTAIlisSl TBEPIUM KapOIOpH3aTOPOM 1 ra30Ba IIEMEHTAIlis.

A30TyBaHHS - II¢ HACHYEHHS ITOBEPXHEBOTO MIapy BHPOOY a30TOM,
o0 HagaTh HOMy BHCOKOI TBEPIOCTI, MiIBUIINTH 3HOCOCTIHKICTH Ta OIIip
arpecMBHUM CEpPEIOBHIIEM. A30TYIOTh JIETOBaHY CTalb, IO MiCTHTb
aNMOMIHIN, THUTaH, BaHalid, BombPpam, Mmomibaen abo xpom. Taki
eIeMEHTH, TPH B3aEMOJii 3 a30TOM, YTBOPIOIOTh TBEPHAi, CTiHKi B
arpecuBHux cepenosumiax Hitpuad (TiN i T.11.).

IlianyBaHHSI - HACUYCHHS TIOBEPXHEBOT'O IIapy BUPOOIB OJHOYACHO
ByTjeneM i a3otoM. BoHo OyBae piamHHE i Ta30Be, HU3BKOTEMIIEpaTypHE
(773-9730K), Bucokoremmneparype (1073-1123 O0K). LlianyBaHHs B
OCHOBHOMY 3aCTOCOBYIOTB JIJIsi 0OpOOKH 1IHCTPYMEHTIB i3 IIBUAKOPi3aIbHOT
CTaJIi, MiIBUIIY€THCS TBEPAICTD 1 KOPO3ilfHA CTIHKICTB.

HudysiitHa Meramizatisi - HaCHUEHHS TMOBEPXHEBOTO IIapy BHPOOY
pizHuMEu MeTtanamu. Ha#i0Oinpln TommMpeHi: amoTyBaHHS (HACHYCHHS
AIOMIHIEM); XpOMYBaHHS (HACHUEHHSI XPOMOM); HIKEJIIOBaHHS (HACHUYCHHS
HiKeJIeM); CHJIIIOBaHHs (HaCHYeHHs KpeMHiem). JndysiiiHa meTamizamis
MPOBOAUTHCA  JUISl  MIJABHINEHHS TBEPAOCTI, KOPO3iHHOI CTIMKOCTI,
JKApOCTIMKOCTI, OJIMCKY 1 ecTeTnyHOro Bursay. Lled cmoci® HacuueHHS
MOBEPXHEBOT'0 IIapy MPOBOJAUTHCS, Y TBEPAOMY CTaHi.
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1.3 TlepekJyiaax Ta nepexJagaubKuii aHajaiz Tekcry “Automation,
Not an Option Anymore”

3apnanns 1. 3HalaiTe y TaONUII aHITIOMOBHI Ta yKpaiHCHBKOMOBHI
BIJIIOBITHUKA BWUKOPHCTAHUM VY TEKCTI TEpMiHaM Ta TEPMIHOJOTiYHUM
CJIOBOCTIOITYYCHHSIM.

1. metal pouring a. HEeIOJIMB

2. pouring deck b. BunuBHHIL

3. manual pouring C. 0OpOOJICHHS METAITY

4. artisan d. BigKpuTHII PO3NMBHUIM KiBII

5. safety precaution e. muBapHui npodisb (crocio JIUTTs)

6. metal handling f. 3anMBaHHs MeTany

7. under-pour 0. IUTBO

8. over-pour h. 3anmBaHHS pydYHUM CIIOCOOOM

9. process controls i. cO0IBapTICTh TIIABJICHHS

10. mold j. TMBapHa IJIOIIaIKa

11.open-ladle pouring device k. peMicHHK, MaiicTpOBHA

12. melting cost 1. BepTHUKAIbHUI JTUBHUK

13. sprue M. 3ax0111 OE3IMeKN

14. pouring profile N. epenB

15. foundry 0. YCTpidi KOHTPOJIO TEXHOJIOTIYHUX
IPOIIECOM

3apnanns 2. Ilpounraiite Tekct. Buznaute B HbOMY TepMiHM Ta
TEPMIHOJIOTIUHI CJIOBOCIHOJIYYCHHS, HE TMPEJACTaBICHI y TMONEPEeIHLOMY
3apmaHHi. llepexmanmiTe 1X  yKpaiHCBKOIO  MOBOIO,  3a3Hadalouu
BUKOPHCTaHUH cIIOCi0 nepekiaaanbkoi TpanchopMartii.

AUTOMATION, NOT AN OPTION ANYMORE

The future of metalcasting depends on manufacturers' ability to
produce world-class products at competitive prices. "World class" means
superb product quality, available where the end user is located, in the
quantities required. This means that metal-casters must be able to change
designs rapidly, to change materials, and to run small quantities efficiently.
To accomplish this it is essential to design processes that reliably achieve
repeatable results. For medium- and small-volume metalcasters, that sort of
performance can be achieved in their metal-pouring operations.

Foreign metalcasters generally have a major advantage thanks to
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low-cost labor. They may produce quality castings, but they have a
logistical challenge in delivering those products and marketing them
effectively at long distances. North American producers face high labor and
benefit costs, but they are familiar with their customers' language(s) and
culture, and they can communicate with them easily.

There is little we can do, or would want to do, to lower workers' pay
or benefits. In fact, many metalcasters find it difficult to recruit and retain
good long-term employees, especially on the pouring deck. But, cost-
effective metal-pouring technologies are available, without significant
technical risk.

Manual pouring has been described as an art. Unfortunately there are
fewer and fewer artisans. The job is hot and strenuous, and it requires the
operator to remain aware of safety precautions while handling hot metal.
Under-pours mean scrap and over-pours mean wasted metal, and possibly
damage to equipment near the pouring action.

Advanced process controls have helped to automate the pouring
process in a cost-effective manner. This has been particularly effective in
jobbing applications where product metallurgy may change from job to job.
Pressure pour and stopper rod techniques have been, and remain, effective
solutions for applications, usually high-volume, that do not require frequent
metallurgy changes. Improved control technology has made it possible to
produce cost-effective open-ladle pouring devices. To a large extent these
devices replicate what the skilled artisan has done in the past.

Labor and scrap reductions are factors that justify such an
investment, but most compelling is the reduction of over-pour metal. These
devices are precise and when properly set up reduce the over-pour to near
zero. Depending on the amount, this offers an immediate increase in salable
product (for the same melting cost) or, alternatively, reduces the amount of
metal to be melted. Also, these devices can be synchronized to the molding
line both mechanically and electronically, and can adjust to product
changes requiring a different sprue location and different pour weight and
pouring profile. As with automatic grinding technology the "teach” method
is commonly used to replicate the time-proven pouring profile of an
experienced pouring artisan, but it is also weighing the metal in the mold so
it can stop at exactly the correct amount.

With automatic pouring the operator is transformed from laborer to
process manager. It is a better and more desirable job, with a better
economic result for the foundry.



17

Cost-effective technology is available to improve metal pouring in
small to midsized metalcasting operations. The economic justifications are
easy to identify.

Offshore competitors' labor-cost advantage can be partially offset by
productivity improvements stemming from accurate metal pouring. And,
the technology greatly enhances the prospect of being able to attract
motivated workers hoping to grow with the industry.

3aBnannst 3. Hapnaiite XapakTepUCTHKY Ta TEpEeKNIa] CKIaIHUM
TepMiHOJ'IOFi‘IHI/IM CJIOBOCIIOJIYYCHHAM, BUKOpPUCTAaHUM y TEKCTI.
ITpoxomMenTyiite criocobu ix mepexiamy: good long-term employees, cost-
effective metal-pouring technologies, stopper rod technigques, improved
control technology, labor and scrap reductions, automatic grinding
technology, time-proven pouring profile, midsized metalcasting operations,
offshore competitors' labor-cost advantage.

3aBnanns 4. Buokpemre y TeKCTi pedeHHs 3 iHBEpCi€lo, BKaXiTh Ha
BUJI iHBEpPCii 1 MepeKIamiTh pedeHHS 3 OTIISAY Ha [0 CHeH]iKy.

3appanns 5. [poananizyiiTe pedeHHS 3 TEKCTy, BU3HAYAIOUW BH]
NPUCYJIKa Ta BKa3ylouH aJeKBaTHUH CIOCIO HOTO TiepeKiiany.

1. This means that metal-casters must be able to change designs
rapidly, to change materials, and to run small quantities efficiently.

2. To accomplish this it is essential to design processes that reliably
achieve repeatable results.

3. For medium- and small-volume metalcasters, that sort of
performance can be achieved in their metal-pouring operations.

4. There is little we can do, or would want to do, to lower workers'
pay or benefits.

5. In fact, many metalcasters find it difficult to recruit and retain
good long-term employees, especially on the pouring deck.

6. But, cost-effective metal-pouring technologies are available,
without significant technical risk.

7. Improved control technology has made it possible to produce cost-
effective open-ladle pouring devices.

8. Labor and scrap reductions are factors that justify such an
investment, but most compelling is the reduction of over-pour metal.

9. These devices can be synchronized to the molding line both
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mechanically and electronically.

10. It is also weighing the metal in the mold so it can stop at exactly
the correct amount.

11. Cost-effective technology is available to improve metal pouring
in small to midsized metalcasting operations.

12. The economic justifications are easy to identify.

3apaannsi 6. 3po0iTh MUCHMOBHIA Mepekyiaa TekcTy “Automation,
Not an Option Anymore”, 3BepTarouu yBary Ha 0COOJIMBOCTI Ta crierudiky
MEPeKIIaAy JICKCHYHUX, TPAMATUYHUX Ta CTHIIICTHYHUX KOHCTPYKITIH.

3aBnanusa 7. 3po0iTh MUCEMOBHI MEpEKIal TEKCTY YKPaiHCHKOO,
BUKOPHUCTOBYIOUH CIELiaNbHY TEPMIHOJOTIIO.

Y nuBapHi cHpaBi CTae€ BCE MOIMYISPHIIION 3pydHA TEXHOJOTIH,
KO OTPUMATH MOJENb O3HAa4ya€ B)KE HAMOJOBHHY OTPUMATH BHIMBOK.
Mogens BUIMBKA 3 MiHOMOMICTUPOIY, Taka, SIK yIakoOBKa BiJ| TeleBi3opa,
ab0 pa3oBa XapyoBa Tapiika, SKHX IITAMIYIOTh MiTbHOHAMH Ha
aBTOMATax, a TUINTaMH TONiCTUPOITY YTEILUTIOIOTh 30BHIIITHI CTIHW BUCOTHUX
OyAMHKIB.

3a CXO0KOI0 TEXHOIOTIEI0 JUIs cepii BUIIMBKIB MOJIENi MPOBOISTH
3aJlyBaHHSM [OPOIIKY TIIOJICTHPOIY B IIETKi allfOMiHi€Bi mpec-hopMu
(BeTbMH TIPOCTi Y BUTOTOBJICHHI) 3 MOJANBIINM CITIHIOBAaHHSM T'paHyJl Py
ix Harpisi. /7 BUpOOHMIITBA pa30BHX 1 KPYMHUX BHJIMBKIB (1HOMI Baroro
JI0 TEKUTbKOX TOHH) ITiIXOAWTH BUPi3yBaHHS MOJIEIEH 3 TUTUT IOJIiCTUPOITY
HaArpiTUM HIXPOMOBOI JAPOTOM, HAIPHUKIIAN, 10 mabioHax. Mojaeis, moTiM
BWIMBOK MAalOTh BHCOKY TOYHICTh 1 KOHKYPEHTHHH TOBapHUI BHTIISI.
BinbHO MOXHa MOOAYUTH, «IOMAIaTH» BHIMBOK B MOJENI, MPOMIPSTH il
CTIHKM, 4YOTO TpW 3BHYAHIN (OPMOBHI [UIsl CKIATHUX 3 JEKiJIbKOMa
CTep)KHSIMH BHJIMBKIB MPOCTO HE 3pOOHMTH. BiJCyTHiH 3CyB CTPWKHIB i
dhopm 1ipu 300pii (OCKUIBKK BIACYTHI cami crepikHi). Mojeni ¢apOyoTh
HIBUJKOBUCHXaI04010 (hap0OI0 3 BOTHETPUBKHM IOPOLIKOM, 30MpAaIOTh 3
JIMBHUKOM, 3aCHUIIAIOTh CYXUM IICKOM B SIIIMKY (KOHTEHHEpi) 1 3aJMBaroTh
MeTasioM. [Ipu 3aauBIi MeTaJl BUIIAPOBYE MOJENb 1 co00r0 11 3amimiae. A
mo0 Mozenb He AMMiNa B 1IeX IpPW 3aIMBLI, 3 KOHTEHHepa BiAcCHCAaIOTh
HAacOCOM TMOBITPS — PpO3PIMKEHHA MIATPUMYIOTH NPHOJIM3HO TiB
atMochepu.

BupoOunyi  npinpHUII  (MOnenbHa, QOpMyBalbHA, IUIABWIIBHA,
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OYMCHA) MalOTh MPUOJIM3HO OIHAKOBI IJIOMII W OCHAIIYIOTHCS MPOCTHM
yCTaTKyBaHHAM. Ycs (DOPMOBKa CKIIAIAETHCS 3 3aCHIIKH CyXOTO ICKy 0e3
MAaCHBHUX BHCOKOTOYHHX MAIllMH MPECYBaHHS, CTPYLIyBaHHS, MPHCTPOIB
300pku GopM. AKIEHT yBaru NepeHeceHU Ha BHUPOOHHITBO MOJENEH -
nux "HaWjermwux irpamok” i3 HITBHICTIO Martepiamy 25...27 Kr/ky0. .
O06OpOTHE OXOJIOMKEHHS MICKYy BEAyTh y MHEBMOMOTOIU. s dopHUX i
KOJILOPOBUX CILJIaBiB BUKOPHCTOBYETHCS OJHAKOBE YCTAaTKyBaHHS, IO,
3aBASKH CBOIH MPOCTOTI, 0€3 yTpyOHEHb poONATh B YKpaiHi (i iHIMX
BUJIB (DOPMOBKHM SIKICHE YCTaTKyBaHHSA TpeOa Be3TH 3 3axony). Takum
Croco0OM MOXHA OJIepXKYBaTH BWJIMBKH 3 YaBYHY 1 cTami ycix BHIIB,
OpoH3H, JaTyHI i aJIFOMIHIIO BCiX MapoK.

1.4 Tepexsax Ta mepexkJaaanbKuii aHajgiz Texcry “Charging
Systems for Hungry Furnaces”

3aBnannsa 1. 3HaligiTe y TaOMUII aHTIIOMOBHI Ta YKpaiHCHKOMOBHI
BIJIMOBIAHUKNA BHKOPHCTAaHUM Y TEKCTI TEpMiHAM Ta TEPMiHOJOTIYHHM
CIIOBOCTIOTYYCHHSIM.

1. preheating a. JUCTaHIlIfHE 3aBaHTAKCHHS

2. carrying capacity b. oTBip neui (3aBao4HE BiKHO)

3. melting facility C. ToTIepeIHIl POrpiB

4. induction furnace d. pexxum pyxy (momadi)

5. remote-control charging | e. 6abka, BUIMBaHEIb

6. furnace opening f. TonHwit arperar

7. pig 0. BHILIECK

8. charging system h. imgyKiina mia

9. molten bath i. KiBII

10. material-handling tool | j. dsoar-Banna

11. mode of motion K. cucrema 3aBaHTa)KEeHHSI

12. bucket |. Bigxomm BHpPOOHHITBA, N[O HAyTh HAa
epepooKy

13. scrap M. HOCIBHA 3JaTHICTh, BAHTAXKOIII JHOMHICTE

14. splash N. ckpan, OpyxT

15. returns 0. TPAHCIIOPTHO-HABAHTAXKYBAJILHUN TIPUCTPIit

3apnannsa 2. Ilpounraiite Tekct. Buznaute B HbOMY TepMiHM Ta
TEPMIHOJIOT1YHI CIIOBOCTIOJIyYEHHS, HE NPEACTaBJICHI y TMONepeIHbOMY
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3apmanHi. llepexmamiTe 1X  yKpaiHCBKOIO  MOBOIO,  3a3HAYalOYd
BHKOPHCTAaHUH CIIOCiO mepekIaaanbkol Tpanchopmariii.
CHARGING SYSTEMS FOR HUNGRY FURNACES

Automated charging systems for induction furnaces are an important
— and expanding — material-handling tool for modern foundries. As these
furnaces become more powerful and melting times become shorter, only
automated-charging systems are able to keep up the pace. A more
important reason for the growth in automated charging with induction
furnaces is operator safety. Splashes caused by dropping large pieces of
scrap, and by water/metal explosions caused by wet or damp scrap, are a
constant danger. But, these dangers can be reduced by using charge drying
and preheating to eliminate moisture and remote-controlled charging to
keep the furnace operator away from the molten metal during charging.

Charging systems options. Furnace-charging systems are available
in various configurations and modes of motion. You can do everything
from rattling the charge into the furnace with a giant vibrator to dumping it
in from a giant bucket. In general, charge transportation systems can be
divided into four categories: electromagnet cranes, belt conveyors, buckets,
and vibrating conveyors, each with its own advantages and disadvantages:

Cranes with electromagnetic lifting devices pick up charge materials
from holding areas and move them to a weighing hopper or other charge
makeup equipment. Used in this way they are ideal. But, they are not ideal
when used to charge induction furnaces directly since the diameter of the
magnet must not be larger than the diameter of the furnace opening. This
limits the carrying capacity of the crane and may prevent charging from
keeping pace with melting. Also, electromagnets may be more sensitive to
furnace heat than other charging systems.

Belt conveyors provide an effective way to move charge materials
from a lower level to a higher level, such as from a scrap storage area to a
holding hopper on the melt deck. They are fast and quiet and generate a
minimum of dust. A disadvantage is the barrier that conveyors sometimes
create to movement from one side of the melt deck to the other.

Bucket-charging systems are useful where there is adequate

overhead space to accommodate the height of the bucket and its carrying
mechanism, generally a monorail crane. This required overhead space is
usually substantial, given the need to bring the bucket over the charge
hopper. The key to a successful bucket-charging operation is an effective
system for filling, moving, emptying, and returning the buckets. Buckets
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must be used in conjunction with charge drying or preheating systems for
safety. Like belt conveyors, buckets are quiet and clean.

Vibrating conveyors are the most versatile and rugged of all
furnace-charging devices. They may be in fixed positions for holding,
consolidating, weighing, and transferring charge materials, or they may be
extremely mobile. In fact, vibrating conveyors have been built to traverse,
pivot, and index, all in the same unit. This mobility enables a vibrating
conveyor to be built to service any number of furnaces. Largely unaffected
by heat, vibrating conveyors are ideal for feeding charge materials directly
into an induction furnace that frequently will be running at full power
during the charging process.

Charging system configurations. Ultimately, whether you use belts
or buckets or vibrators or cranes, the final configuration of any charging
system depends largely on the physical layout of your melting facility.
Ceiling height will determine if your facility can handle buckets. Floor
space and elevations will largely dictate the types of conveyors required to
do the job. Key considerations remain safety and the ability to keep pace
with the melting furnaces' need for charge materials.

Sizing your charging system. Clearly, determining the size of a
charging system is vital to its ultimate success. It must be large enough to
promptly replace the metal poured from the furnaces and it must be
appropriate to your method of operation, either tap and backcharge melting,
or batch melting.

In tap and backcharge melting, the rule of thumb is that the device
emptying the charge into the furnace should hold the amount of metal taken
in the largest tap expected. This amount needs to be translated into charge
density to give the physical size of the charging equipment. On average,
gray-iron charge materials equal 75 Ib/ft®. This might be composed of 50%
pig and 50% returns. A charge made up of turnings might be much less
dense and one of blocks might be much more dense. This compares to
molten iron with a density of 418 Ib/ft®. In other words, the charge material
may take up more than five times the space of the molten metal it replaces.
It's important to remember in tap and backcharge melting that the cold
charge materials are being put directly into the molten bath. Therefore,
drying systems are required for safety to reduce the chance of a metal/water
explosion.

In batch melting, the charge device emptying the charge into the
furnace ideally should hold a full furnace load. This allows additional
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charge materials to be added continually as melting drops the level of cold
charge in the furnace. This takes maximum advantage of the higher
efficiency of cold-charge melting, prevents wasteful delays in charge
delivery during the melting process, and enhances safety by introducing
cold-charge materials on top of solid material already in the furnace rather
than directly into the molten bath. Determining charge density plays an
important role in determining the actual size of your charging equipment.
With this, on average, being five and one-half times greater in volume than
the furnace, it's easy to see that batch-melting charging systems may need
to be very large. Therefore, in the cases of the largest systems, it may only
be practical to hold half of a full furnace charge in the device feeding the
furnace.

3aBmanns 3. Hapaiite XapakTepuUCTHKY Ta TEpeKiIaa CKIaIHUM
TEPMIHOJOTIYHUM  CJIOBOCTIONYYEHHSM, BHKOPHUCTAHHM Y  TEKCTI.
ITpokomeHnTyiiTe crocobu ix mepekiany: charge transportation systems,
electromagnetic lifting devices, bucket-charging systems, gray-iron charge
materials, cold-charge melting, batch-melting charging systems, half of a
full furnace charge.

3aBnanns 4. [lepeknaliTh pedeHHs 3 TEKCTY, BU3HAYMBILH, JIO SIKOI
JIEKCHKO-CEMAHTHYHOT TPYIH HAJICKHUTH Ji€cioBo t0 be, Ta BKaxiTh crioci
Horo nepexiamy.

1. Automated charging systems for induction furnaces are an
important material-handling tool for modern foundries.

2. As these furnaces become more powerful and melting times
become shorter, only automated-charging systems are able to keep up the
pace.

3. Bucket-charging systems are useful where there is adequate
overhead space to accommodate the height of the bucket and its carrying
mechanism, generally a monorail crane.

4. Vibrating conveyors have been built to traverse, pivot, and index,
all in the same unit.

5. This might be composed of 50% pig and 50% returns.

6. It's important to remember in tap and backcharge melting that the
cold charge materials are being put directly into the molten bath.

7. Therefore, drying systems are required for safety to reduce the
chance of a metal/water explosion.
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8. This allows additional charge materials to be added continually as
melting drops the level of cold charge in the furnace.

9. With this, on average, being five and one-half times greater in
volume than the furnace, it's easy to see that batch-melting charging
systems may need to be very large.

10. Largely unaffected by heat, vibrating conveyors are ideal for
feeding charge materials directly into an induction furnace that frequently
will be running at full power during the charging process.

3aBnannsa 5. [lepexnaniTe peueHHs 3 TEKCTY, 3BEpTAlOYM yBary Ha
0COONMBOCTI TEpeKNaay CKIaJHUX MOJalbHUX NpucydkiB. Hanaiite
KOMEHTAp.

1. These dangers can be reduced by using charge drying and
preheating to eliminate moisture.

2. The diameter of the magnet must not be larger than the diameter of
the furnace opening.

3. They may be in fixed positions for holding, consolidating,
weighing, and transferring charge materials, or they may be extremely
mobile.

4. The device emptying the charge into the furnace should hold the
amount of metal taken in the largest tap expected.

5. This amount needs to be translated into charge density to give the
physical size of the charging equipment.

6. A charge made up of turnings might be much less dense and one
of blocks might be much more dense.

7. In batch melting, the charge device emptying the charge into the
furnace ideally should hold a full furnace load.

8. Therefore, in the cases of the largest systems, it may only be
practical to hold half of a full furnace charge in the device feeding the
furnace.

9. The charge material may take up more than five times the space of
the molten metal it replaces.

3apnannsi 6. 3poOiTh mnHCHMOBHIA mepekian Tekcry “Charging
Systems for Hungry Furnaces”, 3Bepraioum yBary Ha OCOOJMBOCTI Ta
cerdiky Tepekiagy JEeKCHYHUX, TpaMaTUYHHX Ta CTHIICTUYHHX
KOHCTPYKITiii.
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3aBaanusa 7. 3pob6iTh MUCEMOBHI MEpeKiIax TEKCTY YKPaiHCHKOIO,
BUKOPHCTOBYIOUH CIIE€LiabHY TEPMiHOJIOTIIO.

[HayKIifiHI eyl Bigpi3HIOTHCS Bl JYTOBUX CIIOCOOOM IifIBEICHHS
eHeprii 70 pOo3IUIaBIeHOro MeTany. IHAyKmiiHa mid MpHOIH3HO MPAIioe
TaKk caMoO SK 3BUYalHMII TpaHchopMaTop: MaeThcs TEPBUHHA KOTYIIKA,
HAaBKOJIO SIKOI TpH MPOMYyIIEHHI MEPEeMiHHOTO CTPYMY CTBOPIOETHCS
TIepeMiHHE MarHiTHe 1mosie. MarHiTHUI MOTIK HAaBOJIWUTH Y BTOPHHHIN eyl
MIEPEeMIHHUN CTPYyM, IIiJ BIUIMBOM SIKOTO HArpiBa€ThCA 1 PO3ILIABIISETHCS
MeTall. [HayKIiiHI medi MaroTh eMHICTbh Bif SO kr 70 100 T 1 OibIIL.

Y HeMarHiTHOMYy Kapkaci iCHYIOTb IHAYKTOP 1 BOTHETPHUBKHIA
TUTABWIIBHUI JBUTYH. [HAYKTOp Te4i BUKOHAHWHA y BHIIIAAI KOTYIIKH 3
NEBHUM YHCJIOM BHUTKIB MigHOT TpyOKH, yCepeauHi SKOi LHUPKYIIOE
OXOJIOJHAa BOAa. MeTan 3aBaHTaXYIOTh y THIENb, IO € BTOPUHHOIO
obMoTkor0. [lepeMiHHUI CTpyM BHUPOOISETHCS B MAIIMHHAX YU JIAMIIOBHX
reHepatopax. llizBemeHHs cTpyMy Big TreHeparopa /g0 iHAyKTOpa
3MIIACHIOETHCS 3a JIOTIOMOTOK) THYYKOTO KaOENI0 Yd KaOeo MiTHHMX IIIHH.
[ToTyXHICTB 1 4aCTOTa CTPYMY BU3HAYAIOTHCS EMHICTIO TUTABIIILHOTO THUTIIS
1 CKIaay IMWXTH. 3BHYAWHO B IHIYKIIHHUX Te4aX BUKOPHUCTOBYETHCS
ctpyM yactotoro 500 — 2500 ru. Benuki medi mpaimrorTh Ha MEHIIHAX
yacroraxX. [loTyxHICTh reHeparopa BUOWpPalOTh 3 po3paxyHky 1,0 — 14
KBT/KI TIMXTH. [INaBWIBHI THUIJI TIeYed BHUTOTOBISIOTH 3 KHCIHX YU
OCHOBHHX BOTHETPHBKHX MaTepiaiB.

B iHAyKmiMHUX Te4YaxX CTajb BHUIUIABJISIOTH METOJIOM IEPEIlIaBy
mmxtd. [1lnak  yTBOPIOEThCS TMPH 3aBAHTAKEHHI UIAKOYTBOPIOIOUUX
KOMITOHEHTIB Ha MOBEPXHIO PO3IUIABICHOT0 MeTany. Temreparypa Iiaky
y BCIX BHMAJKax MEHIIEC TEMIepaTypud MeTaly, TOMY IO HUIaK HE Ma€
MAarHiTHOT MPOHUKHOCTI i CTPYM y HbOMY HE IHIYKIIOEThCS. [t BUITyCKY
CTaJIi 3 MeYi TUTeIh HAXWIISAIOTh YOIK 3IMBATBHOTO HOCKA.

B inaykiidHuX neuax HeMae BYIJICII0, TOMY METajl HE HACHUYEThCS
ByrjeneM. [lig di€l0 eNeKTPOMArHiTHUX CHUJI MeTall IMPKYJIIOE, M0
NPUCKOPIOE XiMiuHI peakii i cipusie oJiep>kaHHIO OHOPIAHOTO METAaTYy.

IaaykuiliHi mewi 3acTOCOBYIOTH JJisl BUIUIABKA BHCOKOJIETOBaHUX
cTajiell 1 CIUIaBiB OCOOJIMBOrO IMPH3HAYEHHS, 10 MAalOTh HU3BKUN 3MICT
BYTJICLIO 1 KPEMHIIO.
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2 ABTOMOBIJIEBY1YBAHHA,
ABIABYAYBAHHA TA MAIINHOBYYBAHHA

2.1 Tlepexian Ta mepekJaganbKuii aHamiz Texkcry “Mercedes-
Benz”

3aBnannsa 1. 3HaHIITE y TaONHII aHTIIOMOBHI Ta YKpaiHChKOMOBHI
BIJIIOBITHUKA BUKOPHUCTAaHUM y TEKCTI TepMiHAM Ta TEPMiHOJOTIYHUM
CIIOBOCHOTYYCHHSIM.

1. brand a. aMOpTHU3aTOP

2. generation b. 3agns vacTuna

3. showroom C. BUCTAaBKOBA 3aJ1a

4. fuel consumption d. cucrema 3axucTy macaxupa (Bois)
5. aerodynamics €. BUTpaTa NnajnBa

6. bodyshell f. aepomHamika

7. rear end g. KapOropaTOpHUil TBUTYH

8. carburetor engine h. moxomiHHsL

9. fuel injection i. KOpIyC Ky30Ba

10. occupant protection system | j. ynopckyBaHHs naiuBa (y JBUTYH)
11. shock absorber K. i3 mprXOBaHOIO MPOBOANHOIO

12. flush-fitted 1. Mmapka

3aBmanns 2. Ilpounraiite Tekct. BuzHaute B HhOMY TEpMiHH Ta
TEPMIHOJOTIYHI CIOBOCIOIYYCHHSA, HE TMPEACTaBIEHI y TONEPEeTHEOMY
3apmanHi. llepexmanmiTe 1X  yKpaiHCBKOIO  MOBOIO,  3a3HAYalOUU
BUKOPHCTaHUH CIOCiO nepekiiaaanbkoi TpanchopMariii.

MERCEDES-BENZ

25 years ago, Mercedes-Benz introduced the Model 190 and laid the
foundations for what has become the bestselling model series in the history
of the brand: the C-Class. To date around six million Mercedes C-Class
Saloons, Estates and Sports Coupes have been delivered to customers. On
March 31, 2007 the fourth generation of this bestselling Mercedes will
appear in the showrooms of company-owned Mercedes sales outlets and
dealerships throughout Europe to continue this success story.

At the beginning of the 1980s, the news that Mercedes-Benz was
working on a new model series below the E-Class was a sensation, and
gave rise to a great deal of speculation. The new car was the culmination of
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many years of deliberation for the Stuttgart brand. The compact Saloon met
the wishes of car buyers, while offering Mercedes-Benz the opportunity to
establish itself in a new market segment and gain additional customers.
Moreover, there were increasing calls for more economical cars, and with
the Model 190 Mercedes-Benz was able to demonstrate that its typically
high standards of safety and comfort could also be realised in a more
compact and economical model.

Accordingly the requirements confronting the development engineers
were very stringent, as they needed to reconcile fuel consumption related
criteria such as a low weight and good aerodynamics with Mercedes
standards of occupant safety, handling stability, comfort and quality. The
aim was to develop a true Mercedes-Benz which was 30 centimetres
shorter, ten centimetres narrower and 280 kilograms lighter than the
Mercedes medium range at the time (W 123), and which would consume an
average of only 8.5 litres of fuel per 100 kilometres.

The Saloon was well ahead of its time, with a safety concept that
reflected the results of accident research and already took offset frontal
collisions into account. Neither was any other car in this class able to offer
an anti-lock braking system, bent tensioners and an airbag, which were
available as optional equipment, in the early 1980s. The still unrivalled
multi-link independent rear suspension celebrated its world debut in the
Mercedes-Benz 190, as did the first high-strength steel alloys which
combine minimal weight with maximum strength.

Mercedes-Benz also broke new ground with the Model 190 where
design was concerned. The angular, trapezoid form of the bodyshell and
unusually high rear end ensured plenty of attention. Mercedes-Benz later
transferred these basic lines to other model series - making the "Baby
Benz" the pioneer of a new design idiom which characterised saloons
bearing the Mercedes star until the early 1990s.

The design concept also reflected the latest technical findings, for the
high, tucked-in rear end enabled the engineers to lower the air resistance of
the bodyshell considerably. The resulting drag coefficient of 0.33 was 25
percent below the average for all passenger cars at the time.

In this way intelligent lightweight construction and exemplary
aerodynamics provided two important prerequisites for a favourable fuel
consumption. The Mercedes-Benz 190 with the 66 kW/90 hp four-cylinder
carburettor engine had a Euromix petrol consumption of 8.5 litres per 100
kilometres, while the 190 E (90 kW/122 hp) with the first
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mechanically/electronically controlled fuel injection system was able to
cover 100m kilometres on just 8.3 litres of petrol. In autumn 1983
Mercedes-Benz rounded off the engine range with a newly developed
diesel unit. The 190 D (53 kW/72 hp) was happy with 6.6 litres of fuel per
100 kilometres. More than two decades later, there are still more than
23,000 examples of the "Baby Benz" on the roads.

Like the Mercedes-Benz 190 introduced 25 years ago, the new C-
Class sets new trends in design and technology. No other car in this vehicle
class is able to offer Mercedes safety innovations such as the preventive
occupant protection system PRE-SAFE® and the Intelligent Light System.
The new C-Class also asserts its leading position in this market segment
with the ADAPTIVE BRAKE system and the situation-related shock
absorber control system of the AGILITY CONTROL package. There is a
choice of four and six-cylinder engines generating up to 13 percent more
output than before, while consuming up to six percent less fuel. Apart from
the S-Class, the new C-Class is the only car worldwide to possess an
official environmental certificate which confirms the environmentally
compatible development of this Mercedes model.

Two weeks before the official market launch, around 60,000 male
and female drivers in western Europe alone have already decided in favour
of the new C-Class Saloon and placed an order.

A look back at 25 years of the C-Class also reveals parallels between
the two Saloons in styling terms. Both represent something new for their
time, and both have set design trends. Just as the trapezoid, "cut diamond"
design of the Mercedes-Benz 190 paved the way for a future Mercedes
design idiom in its time, the new C-Class is also an ambassador for a new
design style. The emphasis here is on purity of form, with the designers
following the rules of modern purism and reinterpreting them in a modern
context.

25 years ago, the Model 190 also marked a new styling departure
with a redesign of the tradition-laden Mercedes radiator grille, which was
no longer mounted but rather flush-fitted into the front end. In the new C-
Class the radiator grille is likewise an important design feature with a high
symbolic effect. This is because for the first time in a Saloon, Mercedes-
Benz has used the radiator grille to position certain attributes even more
unmistakably. With their three-dimensionally contoured radiator grille, the
CLASSIC and ELEGANCE lines intentionally echo certain striking
features of the S-Class to symbolise attributes such as solidity, power and



28

luxury. In the AVANTGARDE line, the designers have opted for a visually
even more striking radiator grille with wide louvres and a large, centrally
located Mercedes star. This typical feature of the sporty Mercedes models
underlines the dynamic, agile character of this model.

Long-term quality in both design and technology is the major reason
for the high value retention of Mercedes passenger cars. They achieve the
highest resale prices in almost all age and vehicle categories, and have
therefore gained an enviable reputation as "value retainers".

3apnanns 3. 3BepHITh yBary Ha BUKOPUCTaHI Y TEKCTi Ha3BH MapOK
Ta MOJEJICH aBTOMOOLIIB, TEXHOJOTIYHUX HOBOBBEIEHb. Bu3HauTe, sKy
MepeKIaganbKy TpanchopMalito JOMiTbHO BUKOPHUCTATH MIPH 1X TEPeKIIaIi:
Mercedes-Benz, the C-Class, Saloons, Estates, Sports Coupes, the Stuttgart
brand, the "Baby Benz", a Euromix petrol consumption, protection system
PRE-SAFE®, the Intelligent Light System, the ADAPTIVE BRAKE
system, the AGILITY CONTROL package, the CLASSIC and
ELEGANCE lines, the AVANTGARDE line.

3aBnanna 4. Hapmaiite XapakTepuCTHKy Ta TepeKiaa CKIATHUM
TEPMIHOJIOTIYHMM  CJIOBOCIONYYEHHSIM, BHUKOPDUCTaHUM Yy  TEKCTi.
IIpoxomenTyiiTe cmocobu ix mepekmany: bestselling model series,
company-owned Mercedes sales outlets, fuel consumption related criteria,
anti-lock braking system, still unrivalled multi-link independent rear
suspension, first high-strength steel alloys, unusually high tucked-in rear
end, resulting drag coefficient, 66 kW/90 hp four-cylinder carburettor
engine, first mechanically/electronically controlled fuel injection system,
newly developed diesel unit, situation-related shock absorber control
system, environmentally compatible development, tradition-laden
Mercedes radiator grille.

3aBnannga 5. Hanaiite xapakTepuCTHKy MiAMETY B HPEICTaBICHUX
PEUCHHSIX Ta MEepPeKIadiTh iX, 100Mpaloyn aleKBaTHHUX CIOCIO MepeKiary.

1. 25 years ago, Mercedes-Benz introduced the Model 190 and laid
the foundations for what has become the bestselling model series in the
history of the brand: the C-Class.

2. Moreover, there were increasing calls for more economical cars.

3. Neither was any other car in this class able to offer an anti-lock
braking system, bent tensioners and an airbag, which were available as
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optional equipment, in the early 1980s.

4. The still unrivalled multi-link independent rear suspension
celebrated its world debut in the Mercedes-Benz 190, as did the first high-
strength steel alloys which combine minimal weight with maximum
strength.

5. More than two decades later, there are still more than 23,000
examples of the "Baby Benz" on the roads.

6. There is a choice of four and six-cylinder engines generating up to
13 percent more output than before, while consuming up to six percent less
fuel.

7. A look back at 25 years of the C-Class also reveals parallels
between the two Saloons in styling terms.

8. 25 years ago, the Model 190 also marked a new styling departure
with a redesign of the tradition-laden Mercedes radiator grille, which was
no longer mounted but rather flush-fitted into the front end.

9. This typical feature of the sporty Mercedes models underlines the
dynamic, agile character of this model.

3aBnanusa 6. llepexnaniTe pedeHHS 3 OIVIAMY HA HAsSBHICTH Y HHUX
TPYMOBOTO MiIMETY.

1. On March 31, 2007 the fourth generation of this bestselling
Mercedes will appear in the showrooms of company-owned Mercedes sales
outlets.

2. With the Model 190 Mercedes-Benz was able to demonstrate that
its typically high standards of safety and comfort could also be realised in a
more compact and economical model.

3. Accordingly the requirements confronting the development
engineers were very stringent.

4. The angular, trapezoid form of the bodyshell and unusually high
rear end ensured plenty of attention.

5. The trapezoid, "cut diamond™ design of the Mercedes-Benz 190
paved the way for a future Mercedes design idiom in its time.

6. Long-term quality in both design and technology is the major
reason for the high value retention of Mercedes passenger cars.

7. The Mercedes-Benz 190 with the 66 kW/90 hp four-cylinder
carburettor engine had a Euromix petrol consumption of 8.5 litres per 100
kilometres, while the 190 E (90 kW/122 hp) with the first
mechanically/electronically controlled fuel injection system was able to
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cover 100m kilometres on just 8.3 litres of petrol.

3apaanns 7. 3po0iTh mucbMOBHEI mepeknan Tekcty “Mercedes-
Benz”, 3Bepraroum yBary Ha OCOOJIMBOCTI Ta crHenuiky MepeKiany
JIEKCHYHHX, TPAMATUYHUX T CTHIICTUYHUX KOHCTPYKITii.

3apnanns 8. 3po0iTh MUCHMOBUI MEpeKIan TEKCTy YKPaiHCHKOIO,
BUKOPHCTOBYIOUH CIIELiabHY TEPMiHOJIOTIIO.

BaxnmBuM moOKa3HUKOM (OPCYHKH YHOPCKYBaHHS € THUCK, IO
BIJIMIOBiZa€ 3aKpUTOMY cTaHy (POpCYHOK, HampwKiaa, Ha aBTOMOOLT 3
Jiama3oHOM TOYaTKy BIOKpUTTS QopcyHok 4,5-5,2 Krc/mmB2  THCK
BiJIMIOBIIHOMY 3aKPUTOMY CTaHy (THCK 3JIUBY) YCTaHOBIICHE B 2,5 KIc/AuB2.
s KOHTPOJIO TUCKY 3J7IMBY BCTaHOBHUTE THCK 2,5 Krc/amB2 i mimpaxyiite
YHCIIO Kparelb MajiuBa, Mo 3’ IBUIKCH 3 po3muiIioBada GopcyHku 3a 1 XB.
Sk mpaBmIT0, AOMTyCKAETHCSA TUTHKH O/THA Kparuts. [Ipu HemocTaTHIN 9ucTOTI
OCH3MHY THCK 3JIMBY Pi3KO MaJae€, 10 y CBOIO YEpPry MOXKE YCKIaIHUTU
MycK (OCOOIMBO Tapsidoro JBUTYHA).

IHoni xiamanHI (HOPCYHKH YHNOPCKYBaHHS MOXYTh OyTH OCHAIEHi
JIOIATKOBUMM  TiABEJCHHSAM TMOBITps. [loBiTps 3a0upaeThcs mepen
JIPOCETBbHOIO 3aCiHKOI (THCK TYT BHUIIE, HDK Yy (QOPCYHKH) 1 TIO
crenialbHOMY KaHaJll MOAAEThCs B TpUMad KOXXHOI opcyHku. Ls cucrema
CTpUsi€ TOJIMIIEHHIO CYyMIIIOYTBOPEHHS HAa XOJIOCTOMY XOJy, TaK SK
3MilIaHHS OCH3MHY 3 TOBITPSAM IOYMHAETHCS BXKE B TpuUMadi (OPCYHKH.
Kpame cymimoytBopeHHs1 3a0e3reduye Kpalie 3TOpsHHS W BiJIMOBIIHO
MEHIIIa BUTPATa MaJuBa i 3HIKEHHSI TOKCUYHOCTI ra3iB, 10 BiAPOOWIIH.

®DopcyHKH y BIYCKHUH KOJEKTOP MOXYTh YIBHHYYBaTHCS a0o
3ampecoByBaTucsi. B ocTaHHbOMY BHNAJIKy TIpU IXHBOMY JIEMOHTaXi
noTpiOHO AocuTh 3HauHe 3ycuiuisi. Kpame BunpecoByBatd GpOpCyHKH Ipu
Harpitomy 110 80°C KOJIeKTOopi.

2.2 Tlepekaag Ta mepekJaganbKuii aHadi3 Tekcry “Ford
Mustang”

3apnannsa 1. 3HaiiniTe y Tabnuii aHITIOMOBHI Ta YKpaiHCBKOMOBHI
BIJINOBIZITHUKA BHKOPHCTAaHUM Y TEKCTI TEpMiHAM Ta TEPMIHOJOTIYHUM
CJIOBOCIIOTYYEHHSIM.
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1. assembly line d. HAJJIMIIIKOBA MOBOPOTHICTh

2. pushrod b. mudys3op, posmumoBay

3. valve C. PO3IOIITEHUM BaJ

4. camshaft timing | d. crosix

5. limiter €. MpoTUTYMaHHa Qapa

6. rear suspension | f. kmaman

7. axle 0. obif] KoJIeca; IMHA; TIOKPHUIIIKA

8. clutch disc h. 3axns minBicka

9. anti-sway bar i. mroBxay

10. oversteer J. iucK My TH 34eTUICHHS

11. strut K. ckiaianbHuil KOHBEED, CKIIaIaIbHa JTiHis
12. diffuser l. koneco

13. wheel M. cTabiTi3aTop MOnepeyHoi CTIHKOCTI (YCTaIeHOCTI)
14. tire (tyre) N. oOMexXyBad, OOMEKHHUK

15. fog lamp 0. BiCbh

3aBnanusa 2. [Ipounraiite Tekct. Bu3sHauTe B HROMY TEpMiHH Ta
TEPMIHOJIOTIUHI CJIOBOCIOJIYYCHHS, HE MPEACTaBICHI y IONEPEeIHLOMY
3apnanHi. [lepexnmamiTh X  yKpalHCBKOIO  MOBOK,  3a3HAvYarO4u
BUKOPHCTaHUH cIocid mepeknaaanbkoi TpanchopMartii.

FORD MUSTANG

The Ford Mustang is an automobile produced by the Ford Motor
Company, originally based on the Ford Falcon compact. The first
production Mustang rolled off the assembly line in Dearborn, Michigan on
March 9, 1964, and was introduced to the public at the New York World's
Fair on April 17, 1964, and via all three American television networks on
April 19. It was one of the most successful product launches in automotive
history.

At the 2004 North American International Auto Show, Ford
introduced a completely redesigned Mustang which was codenamed "S-
197" and based on an all-new D2C platform for the 2005 model year.
Developed under the direction of Chief Engineer Hau Thai-Tang and
exterior styling designer Sid Ramnarace, the fifth generation Mustang
draws inspiration from Mustangs of the 1960s. It was this redesigned
aesthetic that inspired Ford's Senior Vice President of Design, J Mays, to
call it ‘"retro-futurism.” The S-197's unique retro coupe styling
complements its muscle car status with an approximate weight to power
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ratio of 11:1. The S-197 Mustangs are manufactured at the Auto Alliance
International plant in Flat Rock, Michigan.

The base Mustang, equipped with a Tremec T-5 transmission, is
powered by a cast iron block 210 hp (156 kW) 4.0 L SOHC Ford Cologne
V6 engine, replacing the 3.8 L pushrod V6. The Mustang GT features a
more rugged Tremec TR-3650 transmission with an aluminum 300 hp (224
kW) 4.6 L 3-valve Modular V8 with variable camshaft timing. The 2007
Ford Shelby GT500 is equipped with the Tremec TR-6060 transmission,
sporting a durable cast iron block generating 500 hp (328 kW) froma 5.4 L
DOHC 32-valve V8 engine. Electronic limiters cap the V6. GT, and GT500
at approximately 115mph (185 km/h), 145 mph (230 km/h), and 150 mph
(241 km/h), respectively.

The 2005-2006 Mustang GT is capable of performing a quarter-mile
test in 13.5 seconds, with acceleration from 0-60 mph in 4.9 seconds. The
2007 Mustang GT, reflecting an increase in weight from the 2005-2006
model years, runs a quarter-mile test in 13.9 seconds at 103 mph, with
acceleration from 0-60 mph in 5.3 seconds. Additionally, the ‘07 Mustang's
front suspension is revised to improve steering response. Added to the rear
suspension is a three-linked system which controls the vertical and lateral
movements of the axle. All model years of the S-197 Mustang retain a live
axle rear suspension providing the benefits of reduced cost and weight over
a heavier, more expensive and complicated independent rear suspension, at
the expense of more efficient handling. The 2005-present Mustang GT also
comes equipped with a limited slip differential complete with the same
carbon-fiber clutch discs used in the 2003-2004 SVT Cobra and the 2007
Shelby GT500. The differential is designed for the 31-spline axles and the
8.8" ring gear used in the SI97. Unlike the Mustang GT, the basic V6
model without the 2006+ Pony Package lacks a rear anti-sway bar to
prevent severe oversteer on hard cornering. The 2007 Mustang V6 shares
many of the same construction designs as the GT500. Thicker sheetmetal
support and extra welds can be found on the 2007 chassis. Re-designed
strut towers on the ‘07 Mustang accommodate the wider 5.4 L 4V V8
engine in the GT500. Another example is the rear diffuser from the 2007
GT California Special package (GT/CS), also used for the GT500.

For model years 2006 and 2007, the Pony Package option is offered
for the popular V6 model. This option includes upgraded suspension,
Bullitt-style wheels, wider tires, a unique grille design with fog lamps, a
rear deck spoiler, and unique door striping and emblems. Previous V6
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Mustangs had scarce aftermarket support, but due to the popularity of the
S-197 Mustang, aftermarket support has multiplied. A notable example is
Shelby Automobile's Shelby CS6 package for the V6 Mustang, specifically
the Paxton supercharger, which increases the power of the V6 up to 350 hp
(261 kW).

The S-197 Mustang sports additional optional features including:
MyColor (a color-configurable instrument cluster available as part of the
Interior Upgrade Package), a Shaker 500 (500 watts peak output) CD/MP3
6-disc audio system, the Shaker 1000 (1,000 watts peak output) CD/MP3 6-
disc audio system, and brushed aluminum panels (also part of the Interior
Upgrade Package). In 2007, even more options were offered including: a
Touch Screen DVD-Based GPS Navigation System (late availability),
power passenger seats, heated seats, revised interior colors, and Sirius
satellite radio.

While the original concept for the Mustang did not foresee its
evolution into a performance car, Ford has catered to individuals looking
for more performance. Early variants available direct from the factory
included the Boss 302 Mustang and Mach 1. While high performance
vehicles fell out of favor during the fuel crisis of the 1970s, the tradition
was carried forward in later years with the Ford Mustang SVO and Ford
Mustang SVT Cobra.

Over the years, third party vendors and independent car designers
have utilized the Mustang as a starting point for their own designs.
Designers such as Carroll Shelby and companies such as Roush
Performance and Saleen have made a name for themselves by specializing
in producing Mustang performance parts and building custom cars.

3aBmanns 3. 3BepHITH yBary Ha BHKOPHCTaHI y TEKCTI iMeHa,
reorpadiuyHi Ha3BHW, Ha3BH KOMIIaHii, MapoK Ta MOeNiell aBTOMOOLIIB,
TEXHOJIOTIYHUX HOBOBBEJIEHb, OpraHi3allifHMX 3aXOiB, TOIIO. BusHaure,
Ky TepeKiIafanbKy TpaHcopMalliio JOIUIBHO BUKOPUCTATH MPH  IX
nepekiani: Hau Thai-Tang, Sid Ramnarace, Carroll Shelby, Dearborn,
Michigan, Flat Rock, the Ford Motor Company, Roush Performance,
Saleen, the Ford Falcon compact, the New York World's Fair, the 2004
North American International Auto Show, the Auto Alliance International
plant, the S-197 Mustang, the Boss 302 Mustang, the 2007 GT California
Special package, a Tremec T-5 transmission, the Pony Package option, a
Touch Screen DVD-Based GPS Navigation System.
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3aBnanna 4. Ilepexmanith HamaHi HIDKYE CIOBOCHIONYYCHHS,
3BepTaroud yBary Ha crenudiky nepexianay o3HadeHHs: a 32-valve V8
engine, a quarter-mile, a three-linked system, carbon-fiber clutch discs, 31-
spline axles, Bullitt-style wheels, a color-configurable instrument cluster.

3aBnanna 5. Hapmaiite XxapakTepuCTHKy Ta TepeKiaa CKIAIHIM
TepMiHOJ'IOFi‘IHI/IM CJIOBOCIIOJIYYCHHAM, BUKOpPHUCTAaHUM y TEKCTI.
ITpokomenTyiiTe crmocobu ix mepeknamy: the S-197's unique retro coupe
styling, a cast iron block 210 hp (156 kW) 4.0 L SOHC Ford Cologne V6
engine, a more rugged Tremec TR-3650 transmission, an aluminum 300 hp
(224 kW) 4.6 L 3-valve Modular V8, variable camshaft timing, the Tremec
TR-6060 transmission, a live axle rear suspension, 500 watts peak output,
power passenger seats, high performance vehicles, Mustang performance
parts.

3aBnannsa 6. Hagaiite xapakTepuCTHKy TiAMETY B TPEICTaBICHUX
PEUCHHSIX Ta MEePeKNadiTh iX, T0OMpaloyn aleKBaTHHUX CIOCIO MepeKiary.

1. It was one of the most successful product launches in automotive
history.

2. At the 2004 North American International Auto Show, Ford
introduced a completely redesigned Mustang which was codenamed "S-
197" and based on an all-new D2C platform for the 2005 model year.

3. It was this redesigned aesthetic that inspired Ford's Senior Vice
President of Design, J Mays, to call it "retro-futurism."

4. The base Mustang, equipped with a Tremec T-5 transmission, is
powered by a cast iron block 210 hp (156 kW) 4.0 L SOHC Ford Cologne
V6 engine, replacing the 3.8 L pushrod V6.

5. Added to the rear suspension is a three-linked system which
controls the vertical and lateral movements of the axle.

6. All model years of the S-197 Mustang retain a live axle rear
suspension providing the benefits of reduced cost and weight.

7. Re-designed strut towers on the ‘07 Mustang accommodate the
wider 5.4 L 4V V8 engine in the GT500.

8. The S-197 Mustang sports additional optional features including:
MyColor, a Shaker 500 CD/MP3 6-disc audio system, the Shaker 1000
CD/MP3 6-disc audio system, and brushed aluminum panels.

9. While the original concept for the Mustang did not foresee its
evolution into a performance car, Ford has catered to individuals looking
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for more performance.
10. Early variants available direct from the factory included the Boss
302 Mustang and Mach 1.

3apaanns 7. 3po0iTh mUckMOBHIA iepekian Tekcty “Ford Mustang”,
3BEpTAlOYM yBary Ha OcoOJHMBOCTI Ta crerudiky mepexiany JIeKCHIHHX,
rpaMaTUYHUX Ta CTHIIICTHYHUX KOHCTPYKIIH.

3aBaannst 8. 3po0iTh MUCHMOBHI MEPEKIaN TEKCTYy YKPaiHCHKOIO,
BUKOPUCTOBYIOUH CIELiaANbHY TEPMiHOJIOTIIO.

[lponoBkyroun BIEBHEHE 3pOCTaHHS Ha PHHKY CBITOBHX
aBTOBUPOOHUKIB, kKoMmnanis KIA Motors npe3eHTyBasia aOCOIIOTHO HOBHI
aBToMoOimp - KIA Opirus. ['0710BHOIO METOIO CTBOpEHHSI aBTOMOOLIIO
craio mparHeHHS KIA TpOHWUKHYTH y BENHMKHI CErMEHT aBTOMOOLTIB,
IIUTBHO HAONW3WBIINCH A0 KJIAacy MPEICTAaBHUIBKUX aBTOMOOLNIB,
MOEHYIOYH B COO1 HAMOUIBII MPOTPECUBHI TEXHOJOTii CHOTOMHIINIHBOTO
JTHS.

ABTOMOO1TP OCHAIIIEHO 6-TH IMITIHAPOBUM V- MOAIOHIM JTBUTYHOM
00’emoM 3,8 J1. IOro MOTYXKHICTh OpiBHIOE 266 K. ¢. ipu 6000 006./xB., a
KpyTHHH MOMeHT Jjocsarae 26 kr npu 4500 00./xB.. JBUryH gyxe
eIaCTUYHMI — Ha HU3BKUX 00epTax BijJ IOBOAUTHCS TaK, SIK HAJEKHUTh
aBTOMOOLIIO TaKOT'0 KJIacy, a Ha BUCOKHX — JKBABO PO3TaHsIE aBTOMOOLIb /10
MaKCUMAaJIbHOT mBHAKOCTI 230 KM/TOM., KOTpa OOMEKeHa €JICKTPOHIKOIO.
Ilpu upomy Opirus IEMOHCTPyE HH3bKY BHTpaTy NajHBa 3aBISKU
HassBHOCTI aBTOMAaTHUYHOI CHCTEMH 3MiHH €JIeKTPOHHOTO BIOpcKyBaHHs. Ha
Opirus BCTaHOBJIECHO 5-TH CTYIICHEBY aBTOMAaTHYHY KOpOOKY Tiepenad, B
SKiii BUKOpUCTaHA HE3aJe’KHA CHCTEMa KOHTPOJIIO HICTUICHHS, J€ KOXKHE
HEepEeMHUKaHHS Iepeiad KOHTPONIOETHCS Oe3MocepeIHbO 1HIMBITyaIbHIM
TiZipaBIiuHAM KIallaHOM, 1110 3a0e3neuye piBHE 1 riiajke nepeMukanHs. Ha
KOPOOKY BCTAQHOBJICHO CIIOPTHBHHH PEKHM, KOTPHUH J03BOJISIE BOJI€EBI
BUOMpATH TOBHICTIO aBTOMATWYHUH a00 CHOPTUBHHUN pPYYHHUH BapiaHT
KepyBaHHS TPAHCMICI€IO.

ITinBicka HOBOro Opirus 3 0HOTO OOKY 3a0e3redye MaKCUMaIbHHI
KOMQOPT i TUIABHICTH XOAY, a 3 1HLIOrO J03BOJISIE KEPYBAaTH aBTOMOOiIEM
Ha Oyzapb-sikii 1Opo3i He3anekHO BiAg oOpaHoi mBUAKOCTi. [loBHicTiO
He3aJIeKHa MepeIHs IBOBaKUIbHA 1 0araToBakiJibHA 3a/IHS IMiJBICKA HIYTh
B KOMOiHaIlii 3 ra3oBumu amoptuzaropamu. OKpiM 1bOTO, MifBICKA Mae
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CHCTEMY EJIEKTPOHHOTO KOHTpPOJIO (OIIIis), KoTpa 3abesmeuye crabimbHe
TOPU3OHTAJIbHE TOJOKEHHSI aBTOMOOIIIS TIpH TaIbMyBaHHI 1 PUCKOPEHH,
MiHiMi3ye OOKOBI KpeHH B TMOBOPOTaX, IOKpallye MAaHEBPEHICTh 1
kepoBaHicTe. KepmoBe kepyBanHs Ha Opirus OTpUMaino e€IeKTPOHHHI
M CTITIOBAY, SKUH 3MIHIOE 3YCHILIS B 3aJIEXKHOCTI Bil IIBUAKOCTI pyXy — Ha
Mamii IIBUAKOCTI BiH pOOWUTH KepyBaHHS MaKCHMAJIbHO JIETKAM, Ha
BUCOKHX IIBUAKOCTSIX, HABIAKH, BiH «3aTHCKA€» KEPMO IS OUIBII YiTKOTO
1 9YyTJIIMBOTO KOHTPOIIO. Y BHIJISII OMINNA MPOMOHYETHCA EIEKTPOIPHUBIL
JUTSL PEerymioBaHHA KepMma Mo BHCOTI 1 rmmbumHi. Yci mozmenmi Opirus
KOMITJIEKTYIOTbCS 17-TH AIOMMOBHMHU aTIOMIHIEBUMH AWCKaMH 3 IIWHAMU
235/55 R17 Michelin Pilot Premacy.

2.3 Tlepexyan Ta nepekiIaianbKuii anaiz tekery “A Turboshaft
Engine”

3aBnannsa 1. 3HalifiTh y TaOJMUIl aHIIIOMOBHI Ta YKpaiHChKOMOBHI
BIJIIOBITHUKA BUKOPHUCTAaHUM Yy TEKCTI TepMiHAM Ta TEPMiHOJOTIYHIM
CIIOBOCTIOTYYCHHSIM.

1. turboshaft engine a. KOpoOKa MIBUAKOCTEH; KOpoOKa mepead

2. gas turbine b. peaktuBHa TATIIO

3. jet thrust C.TPaHCIIOPTHE  CYAHO HA  MOBITPAHIN
IO TYIIIIT

4. turboprop d. BuXimHMI Baax

5. gearbox €. TypOOBaJIbHUI IBUTYH

6. piston engine f. 3anmMImKoBa MITOBXAlbHA CHITIA

7. hovercraft g. TOJIOKOBHU# IBUT'YH

8. output shaft h. rasoBa TypOuHa

9. turbine expansion I. TypOOTBUHTOBHI1 JIBUT'YH

10. residual thrust energy | j. typboaeranaep

3aBmanns 2. [lpounraiite Tekct. BuzHaute B HhOMY TEpMiHH Ta
TEPMIHOJIOTIUHI CIIOBOCIIOJIyYEHHSI, HE TPEJCTaBJICHI Yy TMONepeIHbOMY
3apmanHi. llepeknanmiTh iX  yKpalHCBKOIO  MOBOIO,  3a3HA4alO4H
BUKOPHUCTaHUH crocib nepeknaganbkoi Tpanchopmalrii.




37

A TURBOSHAFT ENGINE

A turboshaft engine is a form of gas turbine which is optimized to
produce shaft power, rather than jet thrust. In principle a turboshaft engine
is similar to a turbojet, except the former features additional turbine
expansion to extract heat energy from the exhaust and convert it into output
shaft power. Ideally there should be little residual thrust energy in the
exhaust and the power turbine should be free to run at whatever speed the
load demands.

The general layout of a turboshaft is similar to that of a turboprop,
the main difference being the latter produces some residual propulsion
thrust to supplement that produced by the shaft driven propeller. Another
difference is that with a turboshaft the main gearbox is part of the vehicle
(e.g. helicopter rotor reduction gearbox), not the engine. Virtually all
turboshafts have a "free" power turbine, although this is also generally true
for modern turboprop engines. At a given power output, compared to the
equivalent piston engine, a turboshaft is extremely compact and,
consequently, lightweight.

The name turboshaft is most commonly applied to engines driving
ships, helicopters, tanks, locomotives and hovercraft or those used as
stationary power sources.

The first true turboshaft engine was built by the French engine firm
Turbomeca, led by the founder, Joseph Szydlowski. In 1948 they built the
first French-designed turbine engine, the I0OOshp 782. In 1950 this work
was used to develop the larger 280shp Artouste, which was widely used on
the Aerospatiale Alouette 11 and other helicopters. The distinct whine of the
Artouste is familiar to all those who have watched a 1967 UK television
series The Prisoner, since an Alouette was featured in many of the
episodes. Note that Artouste is also the name of an unrelated English
design, the Blackburn Artouste.

Major efforts were underway in the United States and the United
Kingdom to build similar engines. In the US Anselm Franz followed the
same principles of simplicity that he used to develop the Jumo 004 in
Germany, producing the T53 engine at Lycoming in 1953, and following
this with the larger T55. General Electric beat his design into operation
with their T58 series.

Today almost all engines are built so that power-take-off is
independent of engine speed, using the free turbine stage. This has two
advantages:
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1. It allows a helicopter rotor or propeller to spin at any speed instead
of being geared directly to the compressor turbine.

2. It allows the engine to be split into two sections, the "hot section”
containing the majority of the engine, and the separate power-take-off,
allowing the hot-section to be removed for easier maintenance.

This leads to slightly larger engines — compare the Pratt & Whitney
PT-6 and similar models from Garrett Systems, for instance — but for the
speed ranges served by these engines it is considered to be unimportant.
Today practically all smaller turbine engines come in both turboprop and
turboshaft versions, differing primarily in their accessory systems.

When a turboshaft engine fails, technicians, often called grease
monkeys, use the term "shafted".

3aBnanns 3. 3BEpHITH yBary Ha BUKOPUCTaHi y TEKCTi iMeHa, Ha3BU
KOMIIaHi, Ha3BM TEXHOJIOTIYHMX HOBOBBENIEHB, TOIIO. Bu3HauTe, sKy
MepeKIaganbKy TpanchopMaIiio J0MiIPHO BUKOPUCTATH MIPH 1X MEepeKIIaii:
Joseph Szydlowski, Anselm Franz, Lycoming, General Electric, Pratt &
Whitney, Garrett Systems, (the French engine firm) Turbomeca, Artouste,
Aerospatiale Alouette 1I.

3aBnanna 4. Hapaiite XapakTepuCTHKy Ta NepeKiaa CKIAIHUM
TepMiHOJ'IOFi‘IHI/IM CJIOBOCIIOJIYYCHHAM, BUKOPHUCTAHUM y TEKCTI.
IMpokomeHnTyiiTe cnocobu ix mepexnaay: additional turbine expansion,
output shaft power, shaft driven propeller, helicopter rotor reduction
gearbox, stationary power sources, free turbine stage.

3aBnanns 5. Hanalite XxapakTepucTHKy MiMeTy B MpPeJCTaBICHUX
PEYCHHSIX Ta MEepeKNIadiTh iX, 10OUparoyn aJieKBaTHUX CIOCIO MepeKary.

1. Ideally there should be little residual thrust energy in the exhaust
and the power turbine should be free to run at whatever speed the load
demands.

2. The general layout of a turboshaft is similar to that of a turboprop.

3. Virtually all turboshafts have a "free" power turbine, although this
is also generally true for modern turboprop engines.

4. In 1948 they built the first French-designed turbine engine, the
I00shp 782.

5. The distinct whine of the Artouste is familiar to all those who have
watched a 1967 UK television series The Prisoner, since an Alouette was
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featured in many of the episodes.

6. This has two advantages.

7. It allows a helicopter rotor or propeller to spin at any speed instead
of being geared directly to the compressor turbine.

8. This leads to slightly larger engines — compare the Pratt &
Whitney PT-6 and similar models from Garrett Systems, for instance — but
for the speed ranges served by these engines it is considered to be
unimportant.

9. Major efforts were underway in the United States and the United
Kingdom to build similar engines.

3aaanus 6. 3po6iTh muchbMOBHE Tepekian tekcty “A Turboshaft
Engine”, 3Bepratoun yBary Ha 0coONMBOCTI Ta creiudiky mHepexiany
JICKCHYHHX, TPAMAaTUYHUX Ta CTHJIICTUYHUX KOHCTPYKIiii.

3aBaannsa 7. 3po0iTh MUCEMOBHI MEpEKiIal TEKCTY YKPaiHCHKOO,
BUKOPHUCTOBYIOUH CIELiaNbHY TEPMIHOJOTIIO.

JliTak mpu3HA4YEeHHUH s 3a0e3MeUeHHs] TPAaHCIOPTHHX IepeBE3EHb
Ha aBIaJIiHIAX CepeHbOi MOBXMHU. HamifiHICTh JiTaka MiATBEepIKeHA
JIOCB1IOM po0OOTH Pi3HUX MomuQiKalid y BCIX KIIMATUYHMX 30HAX Bijg -
60°C mo +45°C Ta B yMOBax BHCOKOTIp’sL.

I'epmeTr3oBanuii (pro3eisbk Ta HASBHICTh CUCTEMH KOHIMIIIFOBAHHS
MOBITpPsI 3a0€3MeuyI0Th BUKOPUCTAHHS JIiTaka JUisi IEPEeBE3CHHS JII0JICH Ha
Bucotax 10 10 kM. Y BaHTa)XHOMY BapiaHTI MOJJIUBE II€PEBE3CHHS
BaHTaXIB 3arajbHOI0 Macoro j0 10 T, a TaKoX HECaMOXiTHOI TEeXHIKH Ta
aBromMoOUTiB THty ““JIkun”. HakonmndeHuii OCBiM eKCILTyaTallii JiiTaka
BUSIBUB TaKi Horo mepesard : 1) TypOorBuHToBi aBurynu (ta TBJl mapku
H-36 cepii 3A 3amopizekoro 3aBony ‘“Motop-Cid”’) MaloTh BEITHKHH
pecype, Maly BHTpaTy MalbHOTO i BiamoBigaioTe Hopmam ICAO miono
IyMy Ta eMicii mKiJmuBUX pedoBuH. TBJl BcTaHOBIIEHI Haj KpHIOM Ha
3HAYHIN BiJICTaHi BiJl 3eMJIi, [0 BHUKIIIOYAE IMOMAJAaHHSI B HUX CTOPOHHIX
HpeIMeTiB; 2) JTak Mae CKOpOYEeHi 3T Ta mocaiky. [loiboTH MokHa
BUKOHYBATH 3 KPYTHMHU TPAEKTOPISIMHU, IO JYXKE BaXIUBO MpU poOOTi Ha
JHOJIOBUX Ta BHCOKOTIPHUX 3diTHO-mocaakoBux cmyrax (3IIC) 3
TPYHTOBHM, JEPHOBHUM, T'aJbKOBHM Ta JIOJOBUM HOKPHUTTSIMH PO3MipOM
900-1200m; 3) xoJicHi 1Iaci MarOTh BUCOKY IMPOXIiTHICTh Ta JBUTYHH, IO
BHCOKO PO3MIIIIeHI HaJl 3eMIIEIO, 1 1€ JIA€ MOMIIUBICTh EKCIUTyaTyBaTH JIiTaK
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Ha BOJIOTHUX, MOKpuX, 3acHDKeHmx 3[IC 3 TpyHTOBHUM, TalbKOBUM Ta
JbOMOBAM  TMOKPHUTTSIMH; 4) HaBiramiiiHuii KOMIUIEKC 3abe3reuye
AaBTOMATH3aIlil0 KEPYBaHHS JIITAKOM Ha OOJNaJHAHMX Ta HEOOJIaTHAHUX
Tpacax, Ha BCiX mmporax (Bkiatovyarouun [liBHiunuii Ta [liBneHHmid noaocu
B OyIb-Ky TOpY POKy Ta 100Yy); 5) Garatropa3oBe pe3epByBaHHS OCHOBHHX
CHCTEM, BHCOKAa MAaHEBPEHICTb SIK y TOJBhOTI, TaK 1 HAa 3eMJIi BUTiTHO
BUPI3HAIOTH JIITaKH ciMelicTBa AH-74 mpH ekcIulyaranii B eKCTpeMallbHUX
CUTYAIlifX 1 B CKIIQJIHAX TAKTUYHUX YMOBAX.

2.4 Tlepexnan Ta mepekjIafanbKuii aHaidiz tekcry “Military
Technologies Finding Homes in Commercial Engines”

3aBnannsa 1. 3HalifiTh y TaOJMUIl aHIIIOMOBHI Ta YKpaiHChKOMOBHI
BIJIIOBITHUKA BUKOPHUCTAaHWM Yy TEKCTI TepMiHAM Ta TEPMiHOJOTIYHIM
CIIOBOCIIONYYCHHSIM:

1. bomber a. Kamepa 3ropsiHHS

2. core b. (moBiTpOHENPOHKKHE) YIIIIbHEHHS
3. thermocouple C. CTPIIONOAiIOHICTh

4. rig test d. cratop

5. sweep €. COILIO

6. blade f. hopcaxkna kamepa

7. combustor 0. bombapayBaNbHUK (JTiTaK)

8. burner h. ctenoBi BupoOyBaHHs

9. stator i. (;romaTkoBwmit) GaHgAK

10. air seal j. bopcynka

11. augmenter K. BeHTHIISITOD

12. fan |. razoreneparop (aBiaZBuryHa)

13. nozzle M. aepoimHaMiYHUH Tpodisk (Kpuia)
14. airfoil N. TEPMOEJIEMEHT, TepMoIiapa

15. shroud 0. JIONAaTh, JIONATKa

3apnanns 2. Ilpounraiite Tekct. Buznaute B HbOMY TepMiHH Ta
TEPMIHOJIOTIYHI CIIOBOCTIOJIyYEHHS, HE MpPEACTaBICHI y IMONepeIHbEOMY
3apaanHi. [lepexnamiTh 1X  yKpaiHCBKOK  MOBOIO,  3a3HAYalOuu
BUKOPHUCTaHUH crocib mepeknaganbkoi Tpancopmalrii.
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MILITARY TECHNOLOGIES FINDING HOMES IN
COMMERCIAL ENGINES

Military propulsion technology will continue to strongly influence
the advanced technologies destined for commercial engines, and in some
cases — as in the past — military and commercial engines will be directly
linked through a common predecessor. Some of the most notable examples
of commercial engines that evolved from military power-plants are the
commercial CFM56-2, which shares a common core heritage with the B-1B
bombers F101 and the JT8D, which evolved from the military J52 used on
the A-6 and EA-6B aircraft.

The most recent example of this connection centers on a product
developed by Pratt & Whitney is its latest fighter engine core demonstrator
for the U.S. Integrated High-Performance Turbine Engine Technology
(IHPTET) effort. Not only is the XTC-66 meeting IHPTET requirements, it
also is serving as the technology basis for the PW6000, and possibly the
PW8000, commercial engines. The PW6000 has been selected as the
launch powerplant for the Airbus A318 transport, and the geared-fan
PW8000 is being explored as a high-bypass, ultra fuel-efficient engine for
long-range transports.

The current configuration of the core, the XTC-66/IB, has been
mated to a low-pressure section and is running as a full Joint Technology
Demonstrator Engine (JTDE). Prior to this, the XTC-66/1B was exercised
in tests between September 1997 and mid-February 1998 at Pratt's Wilgoos
facility in East Hartford, Conn.

The higher hours were achieved owing to increased test efficiencies
and because some instrumentation, such as thermocouples, lasted longer
than predicted. In addition, the core was used to evaluate specific
technologies such as Pratt's "super” cooling thermal control system. This
technology eventually may be used in the company's FI 19 powerplant for
the F-22 fighter and it’s baselined for the Joint Strike Fighter's JSF119
engineering and manufacturing development engines.

Teardown and inspection of the core engine conducted with the Air
Force early last year left the company confident of success in the full
engine tests. But the upbeat attitude that prevailed going into the JTDE
tests wasn't always the case. In 1995, the first time the core engine was
tested, it suffered a failure that threatened to derail Pratt's entire IHPTET
effort.

Just 13 hr. into the test program, a reinforced metal matrix composite
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(MMC) compressor disk disbonded and came apart, destroying the engine.
"But the data we were getting from the engine convinced the Air Force that
it was the most advanced core engine in the world, that we should refine it,
rebuild it and fully test it,” Jim Reed, manager of advanced technology
programs at Pratt & Whitney, said. "We procured hardware and completed
testing in just 24 months using funds from the Air Force and Pratt &
Whitney."

Pratt engineers relied on Nastran design codes to redesign the core's
compressor aerodynamics, and were confident enough of their design to
forgo rig tests. Compared with the original compressor, the five-stage
redesigned compression system has a different blade sweep, different
flowpath contours and reprofiled stators. It also has demonstrated the high-
est pressure rise of any Pratt & Whitney compressor, Reed said.

The first two stages of the redesigned compressor are fabricated from
titanium, while the last three stages use conventional nickel-based
superalloys. In contrast, the original core used MMCs in its second and
third stages. The weight of the two units is about the same, despite the use
of lighter MMCs in the original design. Combustion in the core engine
takes place in an axially staged combustor with 20 pilot and 20 main
burners, which reduces oxide of nitrogen emissions while giving a high
temperature rise over a shorter-than-normal length.

Despite the success of the unit and its retention in the XTE-66
demonstrator engine, Pratt engineers believe they eventually will return to
single-stage designs. The core features a single-stage high-pressure turbine
made from conventional materials. However, the turbine's blades and
vanes, as well as its blade outer air seals, all used the company's "super"
cooling technique. "Super" cooling eliminates serpentine passages, relying
instead on single-pass air channels. Switching from the serpentine passages
permits engineers to design blades that are narrower as well as tapered.

The JTDE built around the core features an advanced-concepts fan, a
one-and-one-half-stage low-pressure turbine and a microwave stabilized
swirl augmenter. The fan is a refined version of a previously tested design
that incorporates advanced three-dimensional aerodynamic features,
including swept blades and bowed stators. It also has a very high pressure
ratio per stage. Fan flow rates are "around those of the FI 19," he said.

Since the two-stage low-pressure turbine has no vanes between it and
the engine's counterrotating high-pressure turbine to redirect the airflow, it
has been designated "a stage-and-a-half.” Eliminating the first stage of
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guide vanes reduces engine weight, length and complexity. And since
weight, length and complexity are down, so is cost. According to Reed, the
aerodynamics required by this design is "challenging." Tests will "verify
the aerodynamic and mechanical performance of this design, and if it
works, the cost and weight benefits will be dramatic. The technology un-
doubtedly will migrate into military and commercial engines," he said.

Additionally, several technologies explored in the engine could be
candidates for inclusion in Pratt's Joint Strike Fighter powerplants. The
vaneless low-pressure turbine and microwave swirl augmenter are not
baselined into today's JSF engines, "but if they work, they may be consid-
ered,” Reed said.

Work at General Electric and Allison, which are teamed in their
IHPTET fighter efforts, is currently focused on program recovery following
a failure in late February of their latest core engine, the XTC-76/2. If the
team is able to proceed as now planned, it should be able to rebuild and test
the core early next year and then run a full JTDE incorporating that core
near the end of 2000. The GE-Allison core contains a number of advanced
technologies, including:

1. A core-driven fan that helps balance the work between the high-
and low-pressure turbines.

2. A variable turbine nozzle system that employs a translating airfoil
that moves on the suction side to improve performance and reduce losses
and leakages.

3. A 360-deg. shroud that surrounds the high-pressure turbine to
reduce leakages.

4. Modulated cooling air that varies the quantities of cooling flows
available to the engine during cruise and high power operations.

5. A five-stage high-pressure-rise compressor. All five compressor
stages employ blisk construction and "a couple" of the compressor stages
also are joined, eliminating flanges and bearings.

Also in the core are silicon carbide bearings (SiC balls and metallic
races) that allow higher operating speeds; turbine blades that use both
Allison's Lamilloy and GE’s ICE thermal control techniques; a high-
efficiency, reduced-length, triple annular diffuser, and a single annular
combustor that has a Lamilloy transpiration-cooled outer liner and a
ceramic matrix composite inner liner. The inner liner's materials were
developed in NASA's High Speed Research program, Harvey Maclin said.
He is advanced military technology manager and IHPTET program
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manager for GE. The XTC-76/2's combustor also employs an Allison
swirler that reduces complexity and cost by employing aerodynamic
mixing, not the mechanical mixing offered by conventional domed
systems.

The team's XTE-76 JTDE also is projected to incorporate a number
of advanced technologies such as a two-stage, high-efficiency, forward-
swept fan; a fixed-area, fluidic nozzle; a metal matrix composite low-
pressure shaft, and counterrotating, coupled turbines. The fixed-area nozzle
is aimed at eliminating traditional heavy, maintenance-intensive exhaust
nozzles. According to Maclin, nozzle variables include airflow,
temperature, area and pressure; and in a conventional nozzle, pressure is
fixed. In the XTE-76, area will be fixed and pressure will vary, thanks to
the core-driven tip fan at the front of the engine.

According to U.S. Air Force officials, about 85% of the technologies
developed under the IHPTET effort are dual-use — they can be used in both
military and commercial systems. "That's why, dollar for dollar, the
contractors have matched the governments funding for IHPTET," Bill
Koop, chief of technology in the Air Forces Turbine Engine Div., said.

3aBmanns 3. 3BepHITH yBary Ha BHKOPHCTaHI y TEKCTI iMeHa,
reorpadiuHi Ha3BM, HA3BM KOMIIAHIM Ta HAa3BU TEXHOJIOTTYHHX
HOBOBBeJleHb. Bu3HauTe, Ky mepekiafanbky TpaHChHOpMAIlilo IOIIIEHO
BUKOPUCTATH TpH iX nepeknani: Jim Reed, Harvey Maclin, Bill Koop, East
Hartford, Allison's Lamilloy, the U.S. Integrated High-Performance Tur-
bine Engine Technology (IHPTET), Airbus A318, Joint Technology
Demonstrator Engine, Pratt's Wilgoos facility, Nastran design, Pratt's Joint
Strike Fighter powerplants.

3asaanna 4. Hapaiite XapakTEpUCTUKY Ta IEpeKIa] CKIaQHUM
TEPMIHOJIOTIYHIM  CJIOBOCIIONYYEHHSIM, BHUKOPDUCTaHUM Yy  TEKCTi.
IIpoxomenTyiite crocobu ix mepeknamy: latest fighter engine core
demonstrator, a high-bypass, ultra fuel-efficient engine, Pratt's "super"
cooling thermal control system, the Joint Strike Fighter's JSF119
engineering and manufacturing development engines, a reinforced metal
matrix composite compressor disk, the five-stage redesigned compression
system, the highest pressure rise, conventional nickel-based superalloys, an
axially staged combustor, a single-stage high-pressure turbine, blade outer
air seals, single-pass air channels, a microwave stabilized swirl augmenter,
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advanced three-dimensional aerodynamic features, the engine's
counterrotating high-pressure turbine, silicon carbide bearings, a high-
efficiency, reduced-length, triple annular diffuser, a Lamilloy transpiration-
cooled outer liner, a ceramic matrix composite inner liner.

3aBnanusa 5. Hagaiite xapakTepuCTHKy MiAMETy B HpPEICTaBICHUX
PCUYCHHAX Ta nepeKna,uin 'I'X, ILO6I/IpaI0'{I/I AACKBATHUX crocio nepexriiany.

1. Some of the most notable examples of commercial engines that
evolved from military power-plants are the commercial CFM56-2, which
shares a common core heritage with the B-1B bombers F101 and the JT8D.

2. Not only is the XTC-66 meeting IHPTET requirements, it also is
serving as the technology basis for the PW6000, and possibly the PW8000,
commercial engines.

3. The current configuration of the core, the XTC-66/IB, has been
mated to a low-pressure section.

4. Teardown and inspection of the core engine conducted with the
Air Force early last year left the company confident of success in the full
engine tests.

5. It also has demonstrated the highest pressure rise of any Pratt &
Whitney compressor.

6. The first two stages of the redesigned compressor are fabricated
from titanium.

7. Eliminating the first stage of guide vanes reduces engine weight,
length and complexity.

8. According to Reed, the aerodynamics required by this design is
"challenging.

9. Also in the core are silicon carbide bearings (SiC balls and
metallic races) that allow higher operating speeds.

10. If the team is able to proceed as now planned, it should be able to
rebuild and test the core early next year and then run a full JTDE
incorporating that core near the end of 2000.

3apaannst 6. 3poOiTe mmceMoBuil mepekian Tekcry “Military
Technologies Finding Homes in Commercial Engines”, 3Bepraroun yBary
Ha 0coOaMBOCTI Ta crneuudiky MHepexnany JeKCHYHHX, I'paMaTHYHUX Ta
CTHIIICTUMHUX KOHCTPYKITiH.
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3aBaanusa 7. 3pob6iTh MUCEMOBHI MEpeKiIax TEKCTY YKPaiHCHKOIO,
BUKOPHCTOBYIOUH CIIE€LiaIbHY TEPMiHOJIOTIIO.

Crnix 3a3HaYUTH BHUCOKY €(EKTUBHICTD OKpEMHX CKJIaJOBUX
TeHepaTUBHUX TEXHOJIOTINA. Y CTPYKTYpi TPyHAOMICTKOCTI (hOPMOYTBOPEHHS
JeTanei 1 CKiamaHHS Ta30TypOIHHWX JBWTYHIB HAaWOLNBITy MUTOMY Bary
3aiiMae MeXaHOOOpOOKa, a cepell TPyI JieTallel HalOLIbIla TPYAOMICTKICTh
MpHITajac Ha BUPOOHMIITBO JIOMATOK KOMIIpecopa i Typbiam — Bin 22 1o
30 BimCOTKIB BiJ 3arajbHOI TPYIOMICTKOCTI BHTOTOBIIEHHS IBUTYHA.
BuxonaHnHs Takoi 0OpoOKM Ha OOpPOOHHMX 0araTOKOOPAMHATHUX IICHTPAX
(AT «IBuenko-Ilporpec», BAT «Motop Ciuy, JIl XM3 «DEJ»), sxi
3a0e3MeuyoTh BHUCOKOIIBUIKICHE (hpe3epyBaHHS, MO3BOIHIO HE TITbKH
iBUIIATH €()EeKTUBHICTh OOpOOKM Ba)KKOOOPOOINIIOBAaHMX MaTepiamiB i
BUDILIUTH MPOOJIEMy BHUTOTOBJICHHA KOPIYCHHX JeTajield, JIOMmaToK
KOMIIpEeCcopa, MOHO- 1 BiIEHTPOBHUX KOIIC MUISIXOM CTBOPEHHS KLIBKOX
THYYKHX BHPOOHUYHUX MOJYJIB, a i MPUCKOPUTH TEXHOJOTIYHY MiATOTOBKY
BUPOOHUIITBA. BrpoBa/KeHHS IUX THYYKAX BHUPOOHHYMX MOJIYJIB Aajio
3MOT'Y BUKITFOUHTH CIIOCApHI Omeparii, a 9ac 00poOKH, HANIPHUKIIAJ, KOJIC
ckopoueHo 3 800 go 150 roamH, po3mMpuiIacs HOMEHKIATYpa
00pOOIIOBaHKX JIONATOK, BUKIIIOYEHO XOJIOTHE BaJIbIIOBAHHS TOIIIO.

Jlo BUCOKMX MOXHa BiJJHECTH TEXHOJIOTiI0 Ja3epHOi OOpOOKHM —
OLITBII THYYKY, 110 BHUKIIOYAE MIiATOTOBYI POOOTH, i, OTXKE, OUIBIN BUTIIHY.
BrpoBajpkeHHIO  perieH30BaHOi  pOOOTH  TepeayBaB BEIMKHN — 00cCsT
HAYKOBO-JIOCIIJHUX PpOOIT 3 BHUSABJACHHS 30H TEPMIYHOIO BILIUBY,
Je(eKTHOTO TIapy, OSBH MiKPOTPIIIHH.

Bukopucrannss CAD/CAM/CAE cuctem [03BOJMIO CTBOPUTH
«HACKPI3HI» IHTErpOBaHI TEXHOJOril, 3aCTOCYBaHHS SIKUX ICTOTHO
CKOPOTHJIO CTPOKM ¥ MIiJBUIIMIO SKICTh TEXHOJOTIYHOI JIOKYMEHTAIl,
nporpaM 1 Hajaro/pkeHb JUIs BEPCTaTiB 13 YHCIOBUM NPOrpaMHHUM
KEepyBaHHSM IPU BUT'OTOBJICHHI JieTalieil IBUTYHIB.

Baxxnuei pe3ynbratd 0araThbOX JOCHIHKEHb MaJd 3MOI'Y CTBOPHTH
KOMITIEKC (iHIIIHUX MPOLECiB, y TOMY YHCII HOMiPYBaIbHO-3MILHIOIOUHX,
1 BIJANOBIJHE TEXHOJOTIYHE OCHAIIEHHS JUIsi O0OpoOKH 0COOJIUBO
BIJIIOBIIAJIbHUX JIeTalIell POTOPIB, sIKI B OCHOBHOMY i BH3HAUYaIlOTh PECYPC
1 HajifiHicTh nBuryHa. Jlns iXHBOI OIlIHKM CTBOPEHO aBTOMAaTH30BaHI
CTCHIM, SKi OCHAlleHi MAiarHOCTHYHOIO amapaTyporo, M0 JI03BOJISIE
3uutyBatd 710 700 KOHTPOJLOBAHMX MapaMeTpiB Ha CTAUX 1 MEpexilTHuX
pexxuMax poOOTH ABUTYHA.
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2.5 TlepexJyiaa Ta mepekjaaanbKuii anajiz tekcry “Assembly of
the Differential Unit and Other Items”

3appanns 1. 3HalaiTe y TaONUII aHIJIOMOBHI Ta YKpaiHCHBKOMOBHI
BIJIOBITHUKA BUKOPHUCTAaHWM Yy TEKCTI TepMiHAM Ta TEPMiHOJOTIYHIM
CJIOBOCTIOITYYCHHSIM.

1. spindle a. HiI0H

2. taper-roller bearing b. kopnyc MmydTH

3. push button C. IPY>XKMHA CTHCHEHHSI

4. screw thread d. monepenuiit HaTAT (BaJBHUIT)
5. drive shaft €. KOpIyc BaJIbHUIN (I IIINOHMKA)
6. clutch housing f. kauTyBau

7. hypoid pinion 0. Bich; BaJ; HIMUHENTb

8. turnover unit h. rBuHTOBA Hapi3Ka

9. driving motor i. mecTipHsi rimoiqHol nepenayi
10. fork J. HATHCKHA KHOTKA

11. compression spring K. noBiiHuii BaJi; KapIaHHMIA BaJl
12. notch 1. BaTBLICBATBHUTIS

13. pallet m. BIJIKOBUH I AXOILTIOBAY

14. bearing housing N. TIOBiIHHIA SJICKTPOIBUTYH

15. (bearing) pre-load 0. 3apy0OKa, mpopis, mas

3apnanns 2. Ilpounraiite Tekct. Buznaute B HbOMY TepMiHM Ta
TEPMIHOJIOTIYHI CIOBOCIOIYYCHHS, HE TMPEACTaBIEHI y TONEPEeTHEOMY
3apmanHi. [lepekmamiTh X  yKpalHCBKOIO  MOBOK,  3a3HAYalOuu
BUKOPHCTaHUH cIIOCi0 nepekiaaanbkoi TpanchopMartii.

ASSEMBLY OF THE DIFFERENTIAL UNIT AND OTHER
ITEMS

At the beginning of the second side of the assembly line, the pallet is
moved clear of the transfer track in a direction towards the rear, and is then
indexed through 180° to bring the facing for the clutch housing on the
gearbox casting to the uppermost position. These movements are effected
by a separate unit at the rear which incorporates means for gripping the
pallet.

The differential unit is then removed from the seating on the front
face of the pallet and is loaded into a cored opening in the gearbox casting
at the clutch housing end. At a later station, housings fitted with outer races
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for a pair of opposed taper-roller bearings are inserted into bores machined
in the side faces of the casting. The bores and housings are of stepped form
and are threaded at the larger ends. The smaller ends have been machined
to a high standard of accuracy to ensure a close fit when assembly has been
completed.

Prior to assembly, a pair of housings is loaded on to spindles driven
by air motors. A base which carries the spindle heads is pivoted at a point
close to the shop floor, and to enable housings to be loaded, it is set in an
inclined position at the front of the transfer line. When two push buttons
incorporated in the control unit have been pressed by the operator, the base
is swung to the vertical setting to bring the bearing housings into line with
the bores in the casting. The spindle heads are then moved towards each
other on the base guideways by hand, and at the same time, the driving
motors are switched on automatically to start the assembly operation.

During the assembly operation, the housings are advanced within the
bores in the castings by the action of the screw threads, and as a result, the
outer race components are brought into engagement with the remainder of
the taper roller bearing assemblies which were mounted on the differential
unit when the latter was built up prior to delivery to the transfer line. When
the housings are being inserted into the bores in this manner, the secondary
drive shaft is driven slowly by a vertical spindle head on the transfer line
which is connected to the primary drive shaft, to enable the hypoid pinion
to be brought into mesh with the mating pinion on the differential unit.

A specified amount of pre-load is applied to the bearing assembly at
a later point in the transfer line, and the die-cast clutch housing is then
bolted to the facing on the gearbox casting. When a pallet has been brought
to the point in the line indicated at X in Fig. 1, it is swung automatically to
the horizontal position by means of a turnover unit. A pallet is then
transferred to two stations in turn, at the first of which steel balls are passed
into three holes machined in the top face of the gearbox casting, by means
of the automatic equipment shown in Fig. 9. Compression springs are
inserted into the same holes at the second station, with equipment of
somewhat similar design, and they serve to hold the balls in engagement
with notches cut in the shafts which carry the forks for gear changing.

3apmanns 3. 3po0iTh Mepekian peueHb i3 TEKCTY, 3BEPTAIOUH yBary
Ha ocobnmBocTi mepekiamy Participle 1l y mpemosumii Ta mocrmoswuiii 10
03HAYyBaHOT'O CJIOBA.
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1. The differential unit is then removed from the seating on the front
face of the pallet and is loaded into a cored opening in the gearbox casting
at the clutch housing end.

2. At a later station, housings fitted with outer races for a pair of
opposed taper-roller bearings are inserted into bores machined in the side
faces of the casting.

3. Prior to assembly, a pair of housings is loaded on to spindles
driven by air motors.

4. Two push buttons incorporated in the control unit have been
pressed by the operator.

5. A specified amount of pre-load is applied to the bearing assembly
at a later point in the transfer line.

6. A pallet has been brought to the point in the line indicated at X in
Fig. 1.

3aBnannsa 4. IlepexnamiTh pedeHHS 3 TEKCTy, BKa3ylUd CIOCiO
nepekiIany iHQIHITUBY 3 OIIIAAY Ha HOro QYHKIIIO Y peUeHHI.

1. The pallet is moved clear of the transfer track in a direction
towards the rear, and is then indexed through 180° to bring the facing for
the clutch housing on the gearbox casting to the uppermost position.

2. The smaller ends have been machined to a high standard of
accuracy to ensure a close fit when assembly has been completed.

3. A base which carries the spindle heads is pivoted at a point close
to the shop floor, and to enable housings to be loaded, it is set in an inclined
position at the front of the transfer line.

4. The base is swung to the vertical setting to bring the bearing
housings into line with the bores in the casting.

5. The spindle heads are then moved towards each other on the base
guideways by hand, and at the same time, the driving motors are switched
on automatically to start the assembly operation.

6. The secondary drive shaft is driven slowly by a vertical spindle
head on the transfer line which is connected to the primary drive shaft, to
enable the hypoid pinion to be brought into mesh with the mating pinion on
the differential unit.

7. They serve to hold the balls in engagement with notches cut in the
shafts which carry the forks for gear changing.

3ananns 5. 3po06iTe nuchbMoBHI mepekian Tekery “Assembly of
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the Differential Unit and Other Items”, 3Bepraroun yBary Ha 0COOJHBOCTI
Ta crenudiky Mepeknaay JIeKCHYHUX, TPAMATHYHUX Ta CTHIICTUIHHAX
KOHCTPYKIIiHi.

3apmanHa 6. llepexmamiTh TEKCT  aHTIIHCHKOIO  MOBOIO.
[IpokoMeHTyHTe BUKOPUCTaHI TpaHchopMaIiii.

TexHonoris  BHTOTOBJIICHHSA  JeTaleil  3aJICKUTH B  THUILY
BHPOOHMIITBA Ta TPHUHHATOI opraHizarmii ¢opMu podoTH. Pi3HUM THITaM
BUPOOHUIITBA TPUTaMaHHI Pi3HI MeToAM OOpOOKM neTanei, pi3Hi
TEXHOJIOTIUHE YCTaTKyBaHHs, OCHAIICHHS 1 CTPYKTypa omepaiii. Yce 1ie
3HAXOJIUTh  BIMOOpaXKEHHS B  TEXHOJOTIYHIA  JOKyMEHTamii, IO
BUPOOJsEThCS. 31 30UIBIIEHHSAM MPOTpaM 3pOCTAIOTh CTYMIHb JeTalizarii
TEXHOJIOTIYHOTO Tpolecy W rmbuHa #Horo po3poOku. Hampuknan, B
OIMHOYHOMY 1 MaJtocepiitHOMy BUPOOHUIITBI HAMIYaETHCS TITHKHA MapIIpyT
00poOKH, KUK OPOPMIISETHCS Y BUTISAAI MapHIPYTHOTO TEXHOJIOTIYHOTO
npouecy. [Ipu npomy MixomepamiiiHi TPUIYCKH Ta PO3MIpH, a TaKOX
PEeXHUM pi3aHHS HE BKa3ylThca. OOCsT orneparliii MakCHMaThbHO MOYIIHBHA.
B ymoBax 0OMeXeHHS TEXHOJIOTIYHUX MOXIIMBOCTEN iHKOJIA OPIEHTYIOTHCS
HE Ha CEpeAHI0 EKOHOMIYHYy, a Ha JOCSHKHY TOYHICTH OOpoOKHm 3
pPO3paxyHKOM Ha BHCOKY KBamiikaiito poOiTHuKa. BuHATKOM €
TEXHOJIOT1UHI mporecu 00poOku netaneit Ha Bepcrarax 3 UIIK, e cTyminb
JieTaltizaiii po3poOKK TOKyMEHTAIIIl J0CcsATae HAHOUIbII BUCOKOTO PIBHS Y
PO3paxyHKy Ha Imepenady BCix (DYHKIH yrpaBiiHHI 00poOKOK Kepyrouii
mporpami.

VY cepiifHOMYy BHPOOHMUTBI Ha KOXHIM omepauii YiTKO BUAUISIOTH
YCTAHOBHW, TMO3WIIi, TIEPEeXOad, TMPUIMYCKA Ta PEKUMH Ppi3aHHS.
TexHonoriyamii niporiec 0QOPMIIIETECS B TEXHOJIOTTYHUX KapTax, CXeMax,
IHCTPYKIIISIX, B3TiAHO 3 SKAMH BHUTOTOBJISIOTHCS MAaIllMHA 1 JeTali.
Haii6inbm geranbHa po3poOKa TEXHOJIOTIYHUX MPOLIECIB 3aCTOCOBYETHCS B
MacoBOMY BHUPOOHHIITBI, Ji¢ KOXXEH 3 €JIEMEHTIB OIepailii Mae BelnKe
3HA4YEHHS 1 ¢ He3HayHa MOMMJIKA TEXHOJOra MOXKE MPU3BECTH 10 Opaky
a0o0 migBUILEHHSA COOIBApTOCTI BUTOTOBJIECHHS AeTajield. Y 1boMy pasi npu
NpU3HAYEHHI METONiB OOpOOKHM OONaJHAHHS OpIEHTYIOTBCS TINBKH Ha
CepeHbO EKOHOMIYHY TOYHICTH OOpOOKH, 3aCTOCOBYIOUHM HaHO1JIbII
NPOrpecuBHE TEXHOJOr uHe 00IaqHAHHS Ta Pi3ajIbHUN IHCTPYMEHT.



