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_ABSTRACT

‘With § mcrmmg mpet:tm in the commercial vehicle mduatry, futare ve.
| hzcle denps nq/Ed to be able to carry greater payload.s thhm the bounds

of existing legmlatwn Increasmg the payload e"ﬁcmncy of trn.nsport vehicles

involves two mein areas:

a. Optzmmng the size and iaa.aa d:stnbutmn of the vehicle for the pm»“ B

pose intended.

b. Keepmg the tare muss as low a8 posmble thmugh &ﬂicxent deszgn md!.

- the use of hghter and stmngér materials. 3
_The use Df aluminium for Hght-weight trailer dmgn is mvestxgated through
the design and construction of a 13,7 metre long, aluminium chassied, wide
spaced tridem, platform semi-trailer capable of carrying a payload of t]:urty
tonnes. A brief hxstoncal perspective is also given, describing the use of
aluminiurm tm:lers in South Africa and overseas, followed by a chscusmon on

vehicle structural and endurance testm,g techniques.

The tare mase saving achieved ix comparison to a similar size conveniional -

steel chassied semi-trailer with a tare mass of 7800 kilogrars, is 1220 kilo-

grams. In spite of the higher initial cost of the aluminiuvm semi-trailer, this
additional payload is shown to translate into a pa.yba.ck period of approxi- -

mately twenty four months,
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CHAPTER 1
INTRODUCTION
1.1 General

Rising fuel prices over the past decade have led to substantial increnses,
both interqotionally and locally, in genersl trafisport operating coss In the
industrialied nations of Europe and America this has resulted in. ma'ea.sed
interest in ‘light-weight vehicle designs in order to incresse payloads w'lthm

~ the bounds of strictly a.pphed legislation. (1-8)

In South Africs considerable increases in wage costs in recent yeais, in addi-

{ion to ﬁ;.lel price rises, have further exscerbated escalating transport cotts,

yet interest in light-weight vehicles has been rather slower to develop. Thisis
‘mainly due to widespread overloading.(') However, as overlonding penalties

becomsz more severs: and more atnngently applied, interest in mass saving

vehicle des:gna has bagun to grow.

In response to these trends a semi-trailer research and development pro-
gramme was initiated at the University of the Witwatersrand’s Technology
Centre (UWTec) at Frankenweld during 1982, with the aim of working to-
gether with industry in the development of trailer design technology More
specificall;, the initial programme objectives were:

~ the development of appropriate design models for different types of treiler

(eg. platform trailers, van trailers).

~ the recording of road loading data.and component stresses in a.ctua:l..o?pd___

stmulated field usage. ,5.:

~ the assessment of dxﬁ'erent trailer constructaon methods and alternatl‘re
construction materials.



As a p:lot project, the design, constmction, md development of a Iaght«
weight, all aluminium platform semi-trailer was begun du.rm,g 1983. This
project was to follow two distinct phases, viz:

Phase I : The development of a design model, siructured in such & way as
to interface with the procedures of Phase II, in conjunction with
certain initial testing on similar trailers, The detailed design and

construction of the semi-trailer.

Phase II: The recording of load and stress histories at various points on the
semi-trailer, resulting from road-induced vibrations during simu-
lated and actual field service. These rem;lts would then be com-
pared with the 1nputa to the desagn model and the original assump-

' tmns refined.

This diasertation covers all aspects of phase”I of the project and presents a
high speed data acquisition aystem which wes developed for use in phese II,
In addition, & methodology for endurance testing of tﬁe semi-trailer is pro-
poseq and discussed together with the theoretical foundation upon which it
is based. | | |

. The three main objectives of this study are thus:

~ To contribute to .the setting up of a semi-trailer research and develonment-;"._. .\
programme st UWTec through the comuletlon of this pilot project. |

-~ J.‘o propose a methodology for platform’ seml—trmler design and for subse-
quent endurance testing, and to use this design model to design 8 hght-

veight platform semi-trailer, and to construct the serm-trmler

. To demonstrate the pra.ctlca.hty and suitability of aluminium for light-

weight semi-trailer design.

The all aluminiwn platform semi-trailer designed and constructed in this
j '

"2



project is shown in Photographs 1.1 to 1.3. The basic chassis structure is of
a ‘ladder’ type construction comprising two longitudinal beams running the
full length of the trailer and spaced apart at intervals by tcrsion tube cross-

members. Much of the chassis structure and sub-structure was constructed
as a serics of sub-assemblies and then bolted together. This was done mainly

to limit the need for large size assembly jigs and to minimise joint stresses.

The two main chassis I-beams, as well as the floor planks, were manufac-
tured in Switzerland by Schweizerische Aluminium AG (Alusuisse), Ziirich,
and then shipped to South Africa. This was because no suitable extrusion
dies were available in South Africa for either the I-beam T-section flanges or
the deck planks, and because of certain lmitalions locally in extruding the
T-flanges to the necessary lengths. The remainder of the aluminium con-
siruction material was supplied by Huletts Aluminium Ltd, South Africa.

Photograph 1.1  Light-weight aluminium platform semi-irailer

g



Photograph 1.2 Alumininm semi-irailer viewed from front

Photograph 1.3 Aluminium semi-trailer viewed from rear



The overall dimensions of the semi-trailer were selected 5o as to achieve the
ma3imum payload and maximum practical deck area within the bounds of
' - : 1
current legislation (refer Figure 2.1, Chapter 2). Bridge formula restrictions(®)
necessitated the use of a wide spread tridem axle configuration, with the fore-

mmost and rearmost axles being self-tracking axles, in order to prevent severe -

tyre scuff. The self-tracking axles were manufactured by FIA of Verona,
Italy and supplied by Henred Fruehauf Trailers (Pty) Ltd, together with the
Henred Fruehsuf Propes 11000 fixed axle and the Fruehauf T air suspension.

Super single tyres mounted on single piece rims wr & fitted in order to further

reduce tare mass and to enhance the roll stability of the semi-trailer. These

were supplied by Michelin Tyrea The braking equipment and lights were

supplied by Diesel flectric SA (Pty) Ltd and Motolek (Pty) Ltd, respeciively.

Ali component parts for the construetion of thé semi-trailer were mamifac-
tured by the University’s School of Mec.haﬁ.ical Engineering Laboratory. The
construction of the aluminium chassis. itself, as well as all aluminium an-
cillary structures (ég. headboard, under-ride bumper, etc.) tock place at
Industrial Research and Developmer;i; .(Pty) ILtd in Boksburg North, under
the supérvision of the author.  All alurminium Iwelding was cdntra.cted to I
R and D. Once completed the chassis was iransported to UWTec where the
running gear (ie. suspension, axles, and irheels), the landing legs and the
king-pin were mounted, and the braking system and jights mst.a.lleci

The design methodology proposed in this study is based on dynumic acceler-
ations in the longitudinal, vprtical, and transverse directions, and is referred

to throughout this dissertation as a pseudo-dynamic loading design apf)roa.ch."

This approach is adopted since it allows for direct comparison between design
loading data and loading data recorded during testing stages. In this way

experience gained through testing and through field service is easily incorpo-

5
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rated in future design stages and the accuracy of the original design model
tmproved. Although this study concentrates mainly on the structural design
of the tra:ilellz cha:;}ais and associated structure, & number of aspects relating
to the running gear and the breking aad electrical systems are also discussed.
Particular attention has been paid to safety related features, especially in the
areas of lighte, braking, and jack-knife prevention. :

Aluminium, or more specifically aluminiuwm alloy, was chosen as the principal
chassis construction material rather thua the more usual steel, mainly be-
cause of iﬁs superior étrength-to—weigﬁt ratio. The use of high strength stesls
(1e higher yield atréngth than those typically used in trailer construction at
present) in order to réduee tare mage, was not considered since, taking into
account the welding configuration typical in trailer chalsis construction, the
high strength stesl grades offer no advantage because once welded they have
the same Tatigue life expectancy as welded mild steel.6~8) Furthermore, the
-h.15h strength stoel grades ave not generally a.vaxlable in suitable sections (eg
flat bar) for semi- traﬂer comtmt.tmn .

The principal advantages of aluminium for vehicle construction aze:

- ngh strength—to—wexght ratio — aluninium a]loys are approximately 2,9
times lighter than' steel and, after heat treatment, }*am' proof stresses
typ:cally of 240 MPa to 350 MPa. (7:9.10) Alumintum chaseis tare masses
are thus lighter and allow greater payloads to be carried. For loads
below the vehicle’s maximum payléa.d {and hence GVM), réduced tare
mass contributes to savings in operating costs; particularly in the arca
of fuel and tyres. '

— Excellent corrosion resistance — This results in reduced maintenance, es-
pecially when opérating in comstal areas. Care must, however, be taken

when mixing materials, for example in the use of steel bolis, to prevent

6



alectrolytic corrosion. - L
« Extrodability ~ By using extruded T-sections in conjunéction with plate
smaterinl to form the main chassis I-beams, the fatigue sensitive weld
mcanbeopmtedatalowerstmslevelthmthemmnﬁanges
This means that the maximum design stress may be 20 to 40 percent
move than the fatigue design siress at the weld. Furthermore, intricate
shapes for particular applications can be extruded in one piece since
cross-section design possibilities are almost unlimited.
Good impact vesistance — The ability to absorb impact (ie. stock) loads
is the function of the strain energy resulting from deformation of the
structure wﬁich, in turn, is inversely proportional to the elastic modulus.
For a given impact load, a.ﬁd provided no stress exceeds the elastic limit,
| a.lunumum will be atressed to a value of 60 percent of that created in &

gimilar steel component, ®:11)

Supéﬁor vibration characteristics ~ The modulus of elaaticit;lr‘o} alu-
minium alloy is about one third of steel and, althoi gh the beam section
required for an aluminium Msis will be larger, it is likely that the prod-
uct EI will be less. An aluminium chassis will thus deflect more and have
lower frequencies of vibration than a steel one of equivalent strength.
vaxded none of there frequencies coincide with suspension natural fre-
quenaea, the slightly softer ride will tend to reduce the amplitudes of
peak stressea and the lower vibration frequencies will contribute to fa-
tigue life. Excessive chassis deflection under load may be counteracted
by building a positive camber into the chassis beams.

Ease of fabrication — Alurninium can be formed, pierced, machined, sawn,
and sheared at high operating speeds uai.ﬁg conventional equipment. The
weldability of slumintum is good and with the gas shielded electric are
process, welding speeds are high and distortion is low. Stress relieving



_ 4 mW value — Becatise aluminium can always be recycled it has tra-
(M commanded a high scrap value. Recycling involves only one
© melting snd refining process, in contrast to steel %hich requires r2smelt-

e w.

- In Chapter 2, a detailad specification of all aspects of the light-weight alu-
miniwm semi-trailer design is presented together with a weight distribution
based on the actual semi-trailer tare.

Cﬁnpter 3 begins with a genera.l discussion of vehicle structural and en-
durance testing and theﬁ goea on to describe certain initial trailer testing
undcrta.ken by the author, as well as a high speed computer data acquisi-
tion system developed for recording vibration data. Finally, a methodology
for enduranoé testing and fatigue life predicfion is proposed and discnssed,
| i:ogether with the theoretical foundation upon which it is based. | ”

An evaluation of the design of the semi-trailer follows in Chapter 4, whilst
Chapter 5 discusses the construction phase. Finally, Cﬁﬁpter 6 draws certain
conclusi ms with regard to the initial project objectives and makes recom-
mendations for future work. All design analyses, material specifications, and
engineering drawings are contained in the appendices at the end of the dis-

sertation.

1.2  Aluminium semi-trailers ~ Historical perspective and

current sfatus

In Europe the use of aluminium for trailer chassis construction and in par-

ticular semi-trailers, is most widely practised in France, Germany, and

Switzerland.(1=19) Since the first vehicles of this type weie built in the

8
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"md-wem more than § 000 trailers and semi-trailers heve been produned" |

with ahisninium chassis frames.(!2) The ma.;onty of these were fitted wlth
tipping bod:es while'ithe rest, were used with platform or van body-worx or
as low loaders and tlmbm' carriers, The longitudinal membem of the firut

aluminitsy chassis were fabricated using flat bar sections f(.'l!‘_._‘y!:'-\ ﬁmmﬁ and ¢

aluminium plate for the w: b, Towards the end of the seventies laa:ge T s@tmn'
ﬂange axtrusions were dmloped in ordez- to achieve better uti .sa.taou of the

- admissible bending &tresses of the non-welded materinl within the fatigue

~ resigtance limits,

Ma.ny of these second generation vehicles have pmved themselves in 0pera.tmg,

practlce, as confirmed by some very high W-lncle ;mlea.gﬂs, and ha.ve ylelded
considerable cost benefits for their ownets. TJ‘ N 2) }‘ress_.tf.s na :mrmﬂlum to ;
steel cost comparison for a Swiss &eﬁigned and operated, elu.niniim chassied
semi-trailer, travelling 100 000 ki a year, where a 750 kg sa.vmg in tare mass
resulted in an amortization period of 22 morths.

“a
L]

In the United Kingdom aluminium is used vo & lesset extent as a chassis
construction material(") but there are a few companies who are producing

aluminium tredlers, and this trend is on the increase. A typical tare mass
for a United Kingdom or European 12,5 metre tri;axle aluminium platform

semi-trailer is in the region of 6 000 kg,(12:1).

Aluminium has also become reasona’ly popular in the trailer coﬁ:stmction
industry in the United States This is mainly due to stringently enforced
load legislation and rising fuel and general operating costs.(18) Consequtly,
a large number of the mﬁ.jar trailer manufactureﬁ- in the USA offer a range

of all aluminium or aluminium chassied trailers. Tare masses are in general

lighter than Europe, with 4 500 kg beiuz o typical tare of a 13,0 metre tandem
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"7 axle aluminium phtform semi-trailer.(16-18)

In South Africa aluminium has not made much of & mark in the trailer con-
struction indusiry, except possibly for trailer van body construction and, to
a wmewhat‘ leaaaer extent, for tanker shells. To date only a small number
of aluminium chassied trailers have been designed and built in this country,

and most of these have been on a trial one-off basis. One such exémﬁ'le is

- _anall eluninium platform serni-irailer, built on the Reef in 1979 by T.F.M.

{Pty) Ltd to s Buropean design, 2nd operated by Huletts Aluminium Ltd
betieen Pieterniacitzburg and the Reef.(19:20) The semi-trailer has the fol-

" Yowing specifications: . ) vﬁ
. b

Length | © . 9180 m
Tare ee\l 3300 kg
Mass saving over st . 1750 kg
Gross vehicle mass 11300 kg
“Payload. (max.) - - 3000 kg
" Truck-frector tare . 5500 kg
" et cost (1979) " RI2500—00
Net cost steel eqmvalent R7500-00

. Aluminium price premium R5 000 -- 00

In the firat two years of service this vehicle travelled a.ppr-oxima.te]y 700000
km aud for some 75 percent of this time it was running at full capacity. %
. was Ialv'vays operated with the same mechanical horse, and hence, accurate |
comparutive operating costs could be kept. Subsequent ana.lysi's.(“) showed
tﬁat, even after atcounting for the initial 'aluminiuin price piendurm, the
reduced tra.il.e_r tare, and Hence increased payload, resulted in a net saving
in operating costs of over R&SUO-OO. A 12,5 metre tandem axle semi-trailer
of similar coustruction hus subsequently been built by T.F M. {Pt.y) Ltd for
Huletts Aluminium Ltd and has also demonstrated encouragmg “results.

10
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More mcmtiy an all sluminium tandem sxle pla.tfm'rr se:#p—tmler has bem

developed by Trailite (Pty) Lid of Pw’cermmtzlfﬁug, u{ association with | “

Hulette Alummm.m 1td.(3123) The prototype traalm‘ was launched in August
1984 and had the following speclﬁcatxonn g

ngth ! A N
- 5124 kg
Ta.reci stes’ )quiva.lent | T094 ke
Groas vehicle mass .. 25876 kg
Payload (max.) 31000 kg\

Net cost (1984) . .rizsamoo--cmG |

Net cost steel equ.ivalent R23000 ~ (0
Aluminium premiurm R15000 — 00 | "

l
L: T M

At that time a cost comparison between tq}e prototype ssmx«trmler and its

gteel eqmvalpnt was undertaken basged on ﬁﬂ;e following ussumphona @ .

- When a.ddltmnal payload is camed 1tnamounts to 60 percent of the
1870 kgta.re mnss saving. |

"
K

~ Any additional pa.ylaa.d ig carried only on 75 percent of a.li trlps
~ The route is 'P:ete.rmantzburg to Alrode and back, 514 km each we,. .
~ Ten {rips are made sach week for 50 weelri of tl;elyear.

~ The additional revenue accrued from carrying additional payload is at
the rate of R64-00 per tonne per trip.

T}us a.nalysm showed the payback pe.nod for the initial aluminium pnce pre:
mium unde? these conditions to be approximately eight and a ha.lf months.
No account was taken of the addi r.xnna.'l savings in fuel, and in tyre and brake
wear, et cetera., when the trailer is trave]]mg lightly laden. -

1
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CHAPTER 2
DESIGN SPECIFICATIONS

2.1 General

Short concise notes presenting the salient details of the various components
snd structures of the alu:mmum semi-trailer chassis, as well as the running
gear and ancillary eqmpment are presented in this chapter in order to provide
a detailed spacification of the overall smu-t:;mler design. At the end of the -
chapter & schematic diagram is presented showing the weight distribution and
actual tare mass achieved, an well as the overall dimensions of the trailer.

KLY

2.2  Semi-trailer :speciﬁcatiqn'

2,2.1° Chassis and a:;cillary structure,.l, !
~ Main chassis beams:
Two I-sect:an beams running the full length of the tra.ﬂer at 1 060 mm
centres. Fa.bi‘:cated from sluminium T-section extrusions (Anticorodal-
112 alloy) mcorpomtmg 200 rom x 20 mm flanges welded to a 10 mm alu-
m:mum web plate { Anticorodai~100 alloy). The beam depth is 200 mm
‘in the neck area, increa.sing_ to 600 mm from the landing leg position repz- _
ward. Transition aves prc.:sﬁied 80 88 t0 minimise reduction of atreng‘t:‘.h :

whilst allowing sufficient clearance for the truék-tractor.

- Jforsion tubes:
Eight, 160 mom OD x 6 mm wall aluminium torsion tubes, bolted via
16 mm thick aluminium flanges to the main chassis beams. DNesigned to -
resisi, the lorsional twisting of the ch;a.ssis.

- Qutrizgers: , .
Eight pairs of 100 rom square x 6 mm wall aluminium tubes, bolted via

12



16 mm tﬁn‘k nlumimum flanges to the main beams at positioas dirsctly
oppnmta esch tumw tube pmtmn Waelded a.t the outboard md to the
 side rails.

Frout and rear raile and side rails:

| 1778 mim x 50,8 mm extruded aluminium channel, Chosen to resist __

rugged side and rear loading conditions.

Plufeem decking:

Siﬂy-mm extmded aluminium mterlockmg floor planks with & ribbed
anti-skid load surface. ".\:unnsveraely mounted t¢; provide load carrying
capacity ncross the width of the trailer, thereby reducing the number
of outriggers requiry Fbrmnost» elght planks removable to facilitate
mdng of the uw; oou;;;lw snd kmg-pm § '
Rubbmg pla.te s - ‘*ﬁ
"-15,8 mm £hiei al alummmm n;bbmg plate reinforced vhth extra dechp cross-
membera Bolt‘gd to lower ﬂm:gea of main chassis I—h‘eams and remova.ble

fmm undemeath for mmmg !
i ;

King-pin: { r
‘Hope’ a.ntl-Jack-kmfe device incorporating & standa.rd 50,8 mm SAE

king-pin. Bolted to the mbbmg pla.te from above by means of a 12,3 mm
steel foundation plate,

Headbosxd:

Full width, 1025 mm high aluminium headboard designed to provide
adequate protection from ioving loads. Bolted to front end of main
chassis beams and side rails, |

Rear bumper: : ’

Aluminium resr undez_-—fun bumper with 2 300 mm long bumper bar.

Designed to conform to the requirements of SABS 1055-1983.(3)

13
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'hnwy&utynndﬂ:w Brmdtomthstmdloadmgfmmany
'Md&w’ ntiom. o

ﬁmpandon, nxlu}‘a:nd wheels

" Froebaof T sis-suspension incorporsting shock sbsorbers for improved
. Ade. thnuudlwmhmgmmo&ﬁedtosmtthechmsbem
height and bolted to chassis via 12 mm steel mounting flanges. Suspen-
mm ride haight sansed relative to the centre axle by meens of & suspen-
sion levelhug valve mounted a.bove that axle. 950 mm spring centres and
2820 mm axle spacing.

- Self-stoering wxles: ‘
‘FIA’ self-steering axles with hinged trailing arms asd.atub axles wluch'
produce a castor action steering effect. Adausta.ble tie rod connected
belween the two hinged arms and fitted with poeumatically controlled
axle steer loding pin and dampiag sir bellows. 133 mm OD tubular axle
] bea.m: 80 mm diameter journal with interchangeable inner and c:ui;eri :
 bearings. | | | |
- Fixed axle: ~.
‘Henred Fruehauf® Propar 11 000, 105 mm square axle beam. . 90 mm
diameter journal with intercha.ngeable inner and outer bearings. |
- Wheel rims: , .
One piece, 22.5 x 18.0, 10 stud, 15 degree drop centre steel ritns thh

10 inm central nave.

— Tyres: .
“Michelin-double X*, 16.5 R 22.5, 20 ply, tubeless radial super single tyres.

14



A
T 4

. T ﬂ{ . o
. . . M !E T

Hme& W anti-sail mbber mudﬂa.pa mcorpmtmg vertical

Wmn&uﬂau&am

i

.2.3 m mm

“-Bnhi:

‘Henred M‘ Prcpa: 420 x 180 ‘S’ cam brake with inboard mounted
drah, Caﬁmm; to SABS SV 1051 brake regula.taons (24)

Brlhns lmtan

Pmntic, single c:rcmt, dual line, power bra.kmg system with load sens-
. ing. Spring actusted emergency and parkmg brake. Conforming to SABS
__ F\ - sV 1061 mgulatmns : S '
'2;14 E!m:tr!cal system: and hghts

- Electncal system:
o Dual DIN 7—pm socket, 12 volt system ut:hmng chassis return. )

- nghts
T:-:ple combination stop .and tail lights with separate direction indicator
lights and twin reverse lights at the rear. Seven combination side marker -
end direttion indicator lights down each side of the trailer.

2.3 Semi-trailar weight distribution

The senuvtrqﬂer weight chstnhutlon presented in Fi igure 2.11is baﬂed on the
measured ta.ie mass and is thus termed the actual semi-trailer weight distri- |
bution. This is as opposed to the design’ we:[ght chstnbutlon (refer Figure
4, 1) used in all of the design analyses.

15



91

Dinensions In nlillnetres
Mosses in-kilograns  °
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|
- 1450
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&S 13580 [P0y - 1817
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Figure 2.1  Semi-trailer weight distribution and general dii;tlé'miom




o

CHAPTER 3

el

INITIAL TRAILER TESTS AND PROPOSED TESTING ',
TECHNIQUES o . S

3.1 Gamal .

In gmnl tm,vgh.tde stryctural testihg is conducied on heavy duty ve-
hicles to assure the maintenance of structeral integrity over the projected
service life of the vehicle and under thé-conditions for which it is inténded.
More specifically, however, such festing is undertaken for & variety of ressons,
each of which formd,an integral part of the design and development of a new
wehicle. ' | \ |

'y

First of all testing s Tequired to provide the designer with information on

service loads and load bistories, so that the desiguer can "’deq“qa'te-lyéize bnd. .

configiire initial design components. At this sté.ge this inforrastion is often
obtained in the form of pesk values and frequency disirihution spectra of
dynarhic accelerations in thé vertical, longitudinal, and tranmr%rse directions.
Thig first step in q‘fﬁe degign process is at times difficult, gince’it requires that
the initial testing {;e"undertaken on & similar or ea}'flier model to the proposed
new vehicle. Tf the vehicle under consideration e:é‘*bodies previously unﬁﬁed
concepts, as in the case of this design project, sucf} background information
may not be :;.vailable 61-. accuvate and the best tha.'t. can be done, especially
in the case of loading spectra, is to make certain as;},umptioné with regard to
this data (refer Sections 4.2.4 and 4.3.5). The importance of this step eannot
be over-emphasised since the accurrcy of the design process will depend
to a large extent on the definition of the loading on the vehicle structure.
Great care must therefore be ta.kenm the measurement and application of
such data, and in matching the testing procedures to the projected service
conditions of the proposed vehicle. ” o
| 17



Static stress calculations are then performed ut;hmng a design model wh.u:h
_ is structured in such a way as to allow easy mtera.ctmn between, des:gn and
testing. In this particular design these are referred to as the pggudo-dynumc
stress calculations, to indicate that they refer to the expected pesk dynmc
loads. Initial fatlgue life esti;nata are also calculated at I._tfh.is stajge.

Finally, simulated in-service testing is perforied on the prototype vehicle to
engure that peak strepses correlate sufficiently well with design values, and

to check that the load spectra used in the initial life predictions are indeed
valid. The initial life predictions are also further refined at this :ata.ge usmg '

the more accurate load histories obtained in thesc testa.

This last phm is generally known as endu.rance testing. Here it is extremely
lmparta.nt to closely match the test programme to the expected service cbn»
ditions in terms of the magnitudes and t{ypes of ioad to be carried, the dnwng
cycles the vehicle will experience, snd, the rondways and surfaces over which

it will travel. Certain special occurrences need aleo to be considered, even for

a typical highway operation, and include relatively infrequent load producing
actions such as tractor engagement to the trailér, docking manoeuvres, panic
brake stops, and tight turns, as well as more frequent occurrences such as
hitting a pothole or kerb. |

Thos= aspects of this semi-trailer project which are related to the testing
phases of the vehicle’s development (refer Section 1.1) are discussed in this
chapter. First of all, certain initial trailer testing is described, after which
a high frequency data acquisition system, developed by the author for the
recording of vibration data during vehicle testing, is presented. Finally, a
methodology for endurance testing and fat.igue life prediction is proposed and

discussed tcgether with the theoretical foundation upon which it is based.

This last section is written in the form of a literature survey, and is included

18
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since it relates t¢ the data scquisition 1mtmmen%at:on d:acumed here and to
thefat:guedmmulymm(lh&ptertl, uwe]lhstothIIofthepmject_
aadztnledmﬁhnptci v ; ;

8.3 In%ivl ﬁbrntion froqueucy testa

During 1982 imtsal teltmg was conducted on a Henred Fruehauf steel chassied
tandem axle pisiform semi-trailer coupled to ai. Foden 6 x 4 truck-tractor.
The objective of these tests was to gain an initjal feel for the nature of the
sigaal tbwi oould be expected from a strain ga.luge or accelerometer during
ths testing. of such a vehicle, and to obtain ursx estimation of the range of
%thtm frequenczea that could be expected under differing, test conditions
(eg. typa aud severity of road surface, speed, payload, etc.).

In: these tests two strain gauges were mounted on Ithe upper and lower surfaces
respectively, of the lower flange of the pavement i!lside chassis I-beam, a short
distance in front of the landing leg position. Two dummy strain gauges were
mounted on a small piece of unstressed pla.te a.ttuched to the chassis in close

! proximity to the two active gauges. All four stza.m gauges were connected

to form & two active arm Wheatstone bridge meﬁsu.nng direct strain in the
Bange. The bridge was connected to a Kyowa CG-6C Signal Conditioner
which both supplied the power to the bridge and}received the return signal.
After amplification in the signal conditioner, the é)utpﬁt signal was recorded
on a Kyowa Rapet RMS 11 LPT UV-type chart fl;ecorder.

The test procedure adopted was not a rigorous orie and consisted mainly of
recording & number of short bursts of data (20 to 30 seconds duration) under
each given set of test conditions, This was done fom the vehicle both unladen
and laden (500 x 50 kg pockets of cement, ie. 25 000 kg UDL), on roads

ranging from -oncrete and tar highways at speeds %Jetween 60 and 90 km/h,
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to sacbnda.rfta.r roa.d! at 40 to 60 km/h, aﬁd_poor quality dirt roads at low
speed (13 -less than 10 kmn/h). The effect of certain other occurrences was
also noted, such e driving over bridge expansion joints and driving through
severe potholes o4 the dirt road.

L

A typical block of éitram gauge dats from these tests is shown in Figure 3.1.

A AW M A
Www v W\/V V\*\/"""

STRAIN GALEE DUTALT —-am

TIME -

Figure 3.1 A typical block of strain gauge data from

the initial vibration frequency tests

In order to analyse the 5verage vibration frequency obtained in each test, the
UV-chart recorder traces were magnified and the number of peaks (irrespec-
tive of amplitude) occurring over a certain lergth of the wrace were counted.
Then, by multiplying by the chart speed selected for each test, the average
number of peaks or cycles per second was deduced for each count length.
This was done for a few lengths on each test trace. Table 3.1 Qizmmarises the
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A

average vibra.tionll-'ﬁ.'equency results obtained for the various {est conditions -
- . ’\_\\I _i!_'
selected. '

- [
WA

Table 3.1  Average vibration froquency test results -

Type of road surface Load Speed A‘fera.ge ¥ibration
' . conditions (km/h) frequency (Hz)

Conerete highway laden 70 6,0

Concrete highway (over _ .

bridge expansion jointg) laden 0 8,2

Secondary tar road laden 85 5,0
 Dirt road laden 1615 9,1

Poor quality dirt road -

{severe potholes) . ' laden very slow . 4,0

Poor quality dirt road ' ,

(severe potholes) unladen  very slow 7,6

Ter highway - unladen 70 17,d

From these results it is seen that the average frequency of vibration of the
trailer chassis structure is dependent to 2 large extent on the load carried by
the trailer and only to & lesser ex!:ent on the type of road surface (ie. concrete,
{ar, dirt) or speed. ‘This is o be expected since & heavily laden trailer, being
a more massive vibrating system, will have a far lower natural frequency
than an empty trailer. A fair increase in frequency was also apparent for
the laden trailer travelling on the dirt road, and over the bridge expsnsion
joints on the concrete highway. This was due to the severely rutted nature
of the particular stretch of dirt road selected for the tests and due to the .
closely spaced exnansion joints on the highway, forcing the higher vibration
ﬂ'équenciea.
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The vibration frequencies of Table 3.1 correspond to between 2,37 and 3,24
metres travelled per vibration cycle for the laden trailer on tar or concrete

roads. For the unladen irailer on the tar highwey this ﬁgure is 1,14 metres |
travelled per vibration cycle. |

At the request of Henred Fruehauf Trailers (Pty) Lid, teatmg was a.lso con-
ducted by the author during May 1983 on Henred Fruehauf’s 38 tonne PET
prototype semi-trailer,(25), 'I‘he purpose of this study was {0 dete.m:me the "
effectweness, from the point of view of dynamic axle load equahza.hon of
the wide epread tri-axle sy ipension. This suspension was of the conventional ::."I
leaf spring type but with modified rockers inter-connected via long connect- :
ing rods to cater for the 3 110 milliyietze spread between axle cent ses. Teatingi __
was undertak m for varying road cénditions (ie. freeway, aeoond}a.ry tar re;zds, "f‘i
and dirt Toads) with no load on the trailer sud with the tri-ax'  bogié loaded
to appm:dmate];,f's'ﬂ percentof the maximum 1ega.1 bogie ioad (ie. 24600 k;.%‘,;,".'

Strain g&uges mounted on the upper and Iower surfa.ces of the axle beazm,'
between the spnng mountmg positions, were used to senﬂe the loa.ds sup-
ported by each of the three axles. A Watanabe mu1t1-cha.nne1 chart recorder
was used throughout the tests to record the axle strain gauge bi.dge output,
signals. Callibration of each bridge output signal was achieved by coi:.t'lpé:rison
to a range of axle loads measured using a set of assived weigh pads..

Three test runs were undertaken; one unladen and two laden. The mean .
dynamic axle loads for each axle in each of the three test runs are presented,
in Graph 3.1, as & percentage of total inden bodie load for the freeway con-

ditions at approximately 75 km/h. These were calculated for the smooter

freeway surface only, since the road conditions varied somewhat on the sec-
ondary tar and dirt roads, making the calcuiation c¥;mean loads uader these
conditions extremely difficult. From this graph it can be seen that the tivan
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Meon dynanic oxle load as a percentoge’

of tote! seni~traifer bogie load

Graph's.ll Hezr dznamc axie loads recnrdei during the suspansmn equnliui.mn testzng
of the Heared Fruebauf PET truler {(Freeway al approx. 75 kw/h}.
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Graph 3.2 Average maximum Eercentage Ioad nrutmn racordet! during tha auspensmn
- oqualization testing of the ared Fruehauf PET railer i?raeny at approx. ™ hv'h)
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axle load for tiie rearmost axle was considex;aﬁly higher throughout the tests
‘than for the- other two axles, ‘This is obvibusljr a chm&eﬁstic of that par-
ticular suspension geometry. Further, the average maxinum percentage load
variation from:the mean was found to be greater for the foremost and centre
-a:x}es (’iefér G‘rapﬁj:’m) indicat'ng a greater instability or tendency to bounce -
- for fhese -I:wcar axles. Here the average maximum load variation was judged by
eye’fromihé chart recorder traces and extreme peaks, such as those resulting
f:r.om driving over bridge expansion joints, were ignored.

When negotiating severély ﬁndula,ting ground, or when turning corners where
there was a large difference in relative slope hetwzen the two intersecting |
oaxls , extremely high a.xlle loads were at times recorded. This was because
of the inability of the load equahsahon system cf the suspension to operate
under such extreme conditions, and was mainly due to the very w1de axle

' spacing,

In the above discussion the importance of an efficient load equalisation system
for wide spaced {ri-axle suspensmns is apparent. This 1 not only to properly

distribute forces into the chassis but alzo to ensure a uniform load distribution
at the road surface, thereby minimising pavement damage.

3.3 Computer data acquisition system

In selecting the appropriate instrumentation for acquiring field service duta,
provision must be made for the recording of both analog and digital informa-
tion. Analog data is required in order to give a detailed picture of the stresses
or strains experienced by particular vehicle coraponents, while digital data,
on the other hand, allows the direct computation of peak values and how
often the particular components are subjected to the various levels of stress

or strain. Although it is possible to record all of the data in analog form (for
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example by using an FM t‘tpe recoﬁder), and to determine pea.k values and

count levels at a later st&gg, 1t iz generally necessary to lmit anaiug data _

ga.thermg #o specific combinations of manosuvres and load conditions which
are known to produce high stress levels. Otherwise the task of date reductaon
ahd assimilation can be overwheumug. The identification of critical comln»
nations of .ﬁzanoeuvres and loadiag conditions mé,y at $imes be diffieult and

obviously can only be resolved by judicious use,of both techniques.

The required digital data logging rate (ie. the number of analog to digital
da.ta. conversions per unit time) is deduced from the number of data points
: necessarf to properly define, to a predetermined accuracy, one full vibration
cycle at the highest expected vibration frequency component. In this project
& minimum of ten date points per cycle was selected This is illustrated in
Graph 3.3, where the vibration cycle is represented by a sine wave. The
_ maxinmim error occurs at the peak and trough for the ten daka points as
jaho\sv'n,'a.rnd is equal to -.4,'9 pares~ . QObviously the shape of the actual vi-

bration cycles encbuntex;led during testing will vary to some degree from this

sinusoidal shape, but the maximumn possible error is not expected to differ

signiﬁcanﬂy' from the above figure.

The maximum average frequency of vibration recorded during the initial
vibration frequency tests (refer to Section 3.2) was 17 cycles per second (ie.
tar freeway - unladen). Further, the highest vibration frequency component
during all of the tests was never more than three times the a.verée frequency.
Hence the required digital date b ging rate per channel is 518 data points per
second for ten data points logged per cycle. For data acquisition via twenty
input channels, this figure rises to an overiil total of 10200 data points per
second. At the start of any series of tests, however, data should initially be
logged over a few representative chennels at a somewhat higher frequency
per channel than suggested above (for example, at 2000 to 3000 data points
26
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Graph 3.3 Dats logging ai ten points per cycle for a vibratiun cyele represented
by a sine wave S
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per second per channel) before any final decision on the required minbmun:
data logging rate is made.

Tn the data acquisition system developed for this project both the analog
and digital data logging fusctions are catered for in 2 single'data acquisition |
systemi controlled by a mlcm-mmputer Figure 3.2 shows 2 schema.ticl__layout
‘of the full system. |

§

= RN

PIVER SUPPLY

. 1P 6408 MATIPRIGRMAE (U REHER
N | oomrormn R
g b1
STRAIH GAUGE SRIDGES ACELERTION TONSDCERS  VEHICLE SPEED |, ETC

Figure 3.2 High speed computer controlled data acquisition sys-
tem
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A Hewlett Packard 69408 Multi;‘xrogrémmér is used .to r!;ultiplex between -
each of the input channels in use and to perform the unalog to digital con-
versions. The digital data is then transferred to a Hewlett Packard 9845
micro-computer via a saries/paraliel interface and stored in RAM memory.
Together these two devices are capable of performing analog £o digital ¢on-
versions and storing the digital data at a total rate of up to 22 000 eonversions
per second. This can be via a single input chmmel or divided equally between
any number of the 32 input channels available. "As well as storing the d:g;x—
tal data, the micro-computer is used to control the overall data acquisition
sequence and for data reduction and processing (for example, crele count-
ing}. At low data logging rates (iirect data processing is possible, whil'_st &f‘.-\‘-\_‘
high rates it is necessary to log“ data into the computer RAM 1nemory J.n \13
short bursts ond process the data mbetween Although this system was not ;
used for the collection of feld Beriire data during this phase of the pro‘]ectj
the system was bench tested ugainst a signal generator in order to verify
maximun data logging ratesl;. ' - o

Analog information is obtained via é, chari‘. recorder which is either operated
rﬁanually or by computer program control via the Multiprogrammer’s output
channels. In this way it is possible to pre-program those portions of the total
test data for which an analog record is réquire&. ., Furthermore, accurate
indexing of the analog nd digital data is easily accomplished.

The 3-volt DC input voltage required by the strain gauge bridges and the
aceelerometers is provided by a transfo;-mer/rectiﬁer type power supply. This -
bridge supply voltage is also connected to one of the Multiprogrammer's inpu
- channels which allows the micro-computer to monitor the volta,gé and to take

retredial action should it deviate beyond predetermined limits,

- Transducer pre-amplifiers, positioned in close proximity to their respective
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transducers, are used in the system to amp]:fy the low level ta.ansducer outp‘ut

signais. “'h-ﬂ amplification lessens the susceptibility of the output éx@als to
interference due to electrostatically aud magnetically indueed noise, and pro-

vides a uniform signal range across all of the input channels, as required by
the Multiprogrammer. Due to the high cost of purchasmg a large number of
instrumentation pre-acplifiers (ie. a,pprmnma.tely twent‘ ,, twn types of dif-

ferential instrumentation amplifiers were built by the a.ut_hor 2b UWTec. The "

first of these is based on a National Semiconductor LM363~H100 preci<ion
instramentation amnhﬁer IC chip and was designed for use with strain gauge
bridges. It has a fixed ) gam of 100. The second pre-amplifier is constructed
using a National Se:cmmnductor LH0038 true instrumentation amplifier IC
chip and is configured for a closed loop gain of 500, although gains of 100
to 2000 may be set by jumpering ga.m settzq % resistors inciuded on the chip.
This amplifier was designed for use with the Kyowa AS-C acceleration trans-
ducers and any other transducers where very low level output signals are
oltained. During bench tests both amplifiers were shown to exhibit excel-
lent gain linearity and extremely low input offset voltage. The closed joop
frequiency responsé was also invesi;iga.ted for an input voltage to the am-
plifiers of 2,0 1V, The resultant frequency response curves indicated usable
frequency ranges for no fall-off in gami of zero to 10 kHz for the LM363-H100

amplifier, and zero to 20 kHz for the LH0038 amplifier. The bandwidths for |

the LM362-H100 and LHO038 amplifiers were shown to be 85 kHz and 86 kilz
respectively.

3.4 Endurance testing techniqués

As previously discussed, vehicle structural testing comprises two main areas

of concern. These are the determination of exceptional loading in order to

verify stress calculatigns, and the recording of loading histories in order to
assess fatigue life or to validate earlier fatigue life predictions. The latter
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of these two is termed endurance testmg In this sectx pethodology for

endurance testing as applied to heavy duty vehicles mproposed and d.SL!lSSEd
togetker with the theoretmal founda.tnm dpon which it is based. e

A typical block of stra.in—{;ime data, as would be expected frqm. a strain gauge
attached to a road vehicle, is shown in Figure 3.3 below,

T 0;911'13
| : y
=
L
B |
-0,0003 {—-~
"=0,0008 L~ '
1 3 5 1 g I} 13

TIME (sec) ———o=
- Figure 3.3 A typical block of strain-time data

Once digitised and stored in computer RAM rmemory, the strain history
data is categorised into several groups, each having the same amplitude and
mean strain. Several counting techniques are available for counting the num-
ber of cycles bel(;nging to each group, the most common being the ‘level
counting’, ‘range couniing’, and ‘rainflow counting’ algorithms. Rainflow
counting is considered to be more accurate in that it defines cycles as closed

stress-strain hysteresis loops and hence identifies events in a complex strain
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sequence which are compatible .wi;,h constent amplitude fatigue data.(zsfzb}
A numbc of computer routines are available to perform rainflow counting. °
Unfortunate]y, the majority require that the entire load history be known
before t. *r com:xtmg process starts, because of the limitation that the 'load
history muust be resrranged to begin and end with the maximum peak (or
minimum valley). As a result they are not suitable for ou—boa{d’ real time
data processing. Downing et al®") have, however, developed a routine tc:
overcome this limitation which can b; begun and ended at any point in the

stress history, whilst identifying the same hysteresis loop cycles.

Further, when counting load ]:;istr':)riea of very iong time duration using rain-
flow counting, partial cycles (ie. partla.l hysteresis loops) very far removed
from each other may te combined durmg the counting procedure. This is
illustrated in Figure 3. 4(&) Scbniitz(*®) suggests that the load-time history in
auch a case be divided J.nto seg,,&lents which are counted separately before the
results are combined (Figure 3.4(b)). The exact duration. of thess segments
must be judged from the particular merits of the if.esﬁ being undertaken.

The strain‘.amplitude and mean strain readings (or maximum and minimum
strain) in each count level group are converted to stresses by reference to

the stress-strain curve for that material. For a uniaxial stress field below the".
limit of proportionaiity, Hookes Law may be used. In 2 biaxial stress situati -«

fatigue damage is based on the maximum (algebraic) principal stress which
is obtained from the stress-strain relationship:(%

E
0y = 3 (&1 + vez)

Here ¢; and ey refer to the maximum and minimum principal strains respee-

tively, which are obtained from the three component strain readinge from the
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three strain gauges raking up the strain ga.ugé rosette at the test pfj.s“itioﬁ'
Fora detmled diseussion of rosette strain computations the reader is refezred
to & text by Benham and Warnock.(®*) This approach assumes that the peak
fatigue stresses will always be in the elastic range of the materinl, From the

= /+wwwww

{a) Full iood history

= N

1 Rﬁm

.n_ oV wlm- m,\/,\/ ,\/

{b) Segnented lond h!stnry_

Figure 3.4 The effect cf rainflow cbunting using full and sep-

mented load histories

design calewlations of Appendix A, this is expected to be valid for all positions
on the trailer chassis for dynamic accelerations' up to approximately 3-g.

Further, should local tensile stresses exceed the limit of proportionality once
33



- or twice during the hfe of a component the resulting res;dua] compresswe
stresses wlll reduce the magmtude of subﬁequent tenmle fatigue stresses, thus

§,

bxaﬂﬁg life predxchons conserw,txvely

The remdting cumulative fatighe damage is caleulated from the test data

using the Palmgren- Miner hypothesis or Linear Damage Rule.t (26,30~33) The
Pa]m,gren—hf.ner theory states that:

- gach count level group of cycles (ie. same stress amplitude and meany
stress) contributes an amount of damage given by the linear cycle ratio
for the group. )

|

— the damage a.rm.ug from any group of cycles is not dependent on the
group 5 Ioca.tmn in the strese history.

~ the fotal cumiﬂatwe futigue damage is the hnear sum of the damages
contributed by each group. That is:

.D E( )>1 for failure

where
n; = tne "*'mber of cycles whwh occur at a particular stress
- apr ¥ ade and mean stress — it count level group.
N; = the ~umber of cycles to crack initiation at the it® set of
s conditions. -
(n;/N;) = damage ratio for the ¢** set of conditions.
D = cumulativ¢ damage ratio. .

The numbers of cycles N; are obtained from the materials SN curve (ie.

stress-life curve) for the relevant stress amplitude and mean stress values.

In the above approach, fatigues life is defined as life to crack initiation. This
is deemed to be a reasovable measure of the useful life of a component de-

spite the fact that components can ofien withstand a considerable number
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of addii_:_ional cy‘cles a.ftercra.cic f‘ - R“&n, l!)et"qre fracture occurs. | -

Mmer s Rule stafes that crac}. mtm{.mn ocours whcn the cemulative dama.ge 1

ra.tm equals unity. For a pa.rhcular block of test da,ta., which: represents &

| ) portmn of the total Tite stress history of the component; one would expect

= the cumula.twe dama.ge ratio for the block to be small Hence, Miner’s Rule
is often expressed am

[E ( )} =1 at fuilure.
per black R ..

Using this equat:on the numbers of such blocks of test data B requmed before,

crack mt:atmn oceurs can La detenmne& ' o
rr d : . '

Although the Palmgren-Miner model provides o, mechamsm that is relatively
easy to use in the. analyszs of comph.ated stress histories, 11: does however
have certain shartconungs Flrstly, i “bes not- a.ccowlt for the fact that
" fatigue life to some degree depends on the erder in wﬁ}nch the dﬁerent stress
levels ave applied. In mct test results show that t]:relz cumulatwe dainage ratio
D at faalure can differ widely from the value of &mty (28,30,32,33) Wirsching
et a1(32> suggest thet values of D at failuve usuall[ fall in the range from 0,7
to 2,2 , whilst Benham et al(®® suggest a usual i'ange of 4,6 to 2,0, Extreme
values of D well outside these ranges have also been found to oceur in a

few cases. The Palmgren-Miner Rule is, however, generally valid when the -

various amplitudes of stress cycles are fuirly evenly distributed throughout
the Jife of the member. In an aitempt to allow for the variation in the
curnulative damage ratio; o vxlue of D based on previous experimental results
on similar stractures may be used. This is known as the Relative Miner-Hfick
approach?® and has been shown to yield a significant improvement in fatigue
life prediction reliability.
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A second important factor in the use of the Palmgren-Miner rule is that cyeles.

at stress levels ‘helowl the endurance limit for the material do not contribute

tc the fa.tlgue hfﬂ caleulation since N is infinite below the endurasce limit.
Expenenoe hes shown however(®) that these cycles do contribute to some

" degree, snd ‘at high number of cyeles (ie. greater than 100 million cycles)

their effect can bémme significant. In order to include the influence of stvess
cyclés below the endurance limit, a nuober of ‘methods of modifying the
basic $-N curve‘ are used. The first of these employs what is known 8s an
elementory S-N curvefzg) in which the sloping portion of the basie S-N line
aYove the endura:nce limit is pro,}ected down to meet the zero stress axis

. (Figure 3.5(c)). This elemnentary 8-N c¢urve may also be used in conjunction

with a reduced endurance lnmt (for example, half ¢.). A second approach,
developed by Haibach,®%) uses & line below the endurauce limit down to
zero stress, whicl: is at half the slope of the portion of the basic $-N curve
a_bove the endurance limit. This projested line is known as the Haibach line
(Figure 3.5(hY). The relative failure prediction reliability of each of the above
mentioted.approaches is indicated in Figure 3.5.

The Palmer—Mmer Lineay Damage Rule, despite the various shortcomings
and difficulties d:scussed above, etill provides a uﬁeﬁﬂ starting point for the
analysis of fatigue under variable loading spectra. It is also most commonly
used beeause of its simplicity and the experimental fact that other much 1aore
complex cumulative damage theories do not yield a significant improvement

in fatizue life prediction reliability.

By definition, the approach thus far addresses high cycle fatigue in that peak
fatigue stresses are within the elastic range and the expected cydle life exceeds
100 000 eycles. Although unlikely in this particular design, low cycle fatigue
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{c) Elenentary Hiner (d) Retative Hiner ~ Hick

Figure 3.6 Methods that improve the failure predzctmn
reliability of the Palmgren-Miner hypothesis
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y oi:rurs when stresses are high enough to cause plastic deformatmn, and eycle
- life, as a result of this Ingh loading is usually lower than 100 000" eycles. Tn =

the Ia;;d vehicle industry low cycle fatigue usua.lly occurs during unexpected

”-ove!',‘wad conditions, since few parts are designed to serve under such severe

- "condxtmna However, in the interests of completeness, a technique termed

" the Stra,m Range dpproa.ch (20,34-35) wwhich v developed for use in both the
) low eyele region and Ingh cycle region, a.nd which bas gained mnsxderable

acceptance in the automative industry over the past ten years or so, is also

ﬁmd here.

The Strain Range fatigue mociei applies primarily fo components that are
strain cycled and, as in the stress-life approach discussed above, it predicts life

tolcr&ck initiation. The model is based on data obtained from the hysteresis -

curve for metals and yields & modified S-N curve in the low-cycle region.

% STRESS
e STRAIN
Ag, [,
- asfiiin
ALATIC SR RMGE e sTRA
v RN

XN

TOIAL STRATN PREE

Figure 3.6 A t{ypical stress-strain hysteresis loop for é ductile
nmetal
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'I‘he b#eaﬂy state hysteresis loop isa plot of the behaviour of a ductzle metal

under wntml!ed a:mph*ude cyclic loading. As stresses reverse from f:enmle to

compresswe, the metal strains as shown in the typmal curve of Figure 3.6.

Expermmts indicate that, for cornpletely reversed bending, as illusti*&ted

‘ehove, the amount of plastic strain and cyeles to faa}ure are appmmmately

related by (34) - . o :

A 1fe " : \\\‘L

€&} Yy

2Ny = (“z‘“) S
A | -

Whe;'e

the number of cycles to failure,

plastic strain amplitede.

fult plastic strain range,

fatigue ductility coefficient. Deﬁned us the
trie strain required to cduse failure on the
first reversal. €} may be estimated from

€p = En(lUO/(li}O -%RA)) °

where %RA is the percentage reduction in aren
that results from s simple tensile test,

¢ = fatigue ductility exponent. A material ,
property approximaiely equal to -0,6 for many
materials including steel and aluminivm.

H 0

Since these are plasi;ic strains, both gf_‘.rains and_si:resses within the material

~ ave large. This equation then predicts low cycle fatigue.

A similar relationship exists between high cycle life and elastic strain. When |
atrain amplitudes sre low enough to remain within the elastic Hmit of the

metal (e, e;, == ()} fatigue life can be expressed as:(34).
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2Ny = (5-53;) :

where
I Ny = the number of eycles to failure.
" E = modulus of elasticity of the maierial.
(A e/’2}‘ = elastic strain amplitude. '
Ae, = elastic strain range.
o; = faligue strength coefficient. Deﬁned as the

true stress required to cause fracture on the
first reversal, (G. ..erally, the relatwnsmp
l' ot o

i 18 usedfwhexe o5 is the true fracture

strenpth of the material.

b == fatigue strength exponent, For metals in a
‘soft” condition b= --0,1 and if the metal has
been hardened by cold working, b approaches
-0,05. b= -0, 085 may be used as a first
estimate or, alternatively, for most metals,

& —(1/6)log(20} fovTs)

The above two life équations can be corabined to provide an expression for

the total strain amplitude for a given N ;(26:34:35)

Ae g%,
5 =3 (2N + e4(2N )

This equation is plotted on full log co-ordinates and the resultant plot is

termed a strain-life cmrve. A typical exemple is shown in Figure 3.7.

The effect of mean stress can be acceunté&lfq_r by lowering the elastic com-

ponent of the strain life curve as follows: (28!

A ob' mean
= = 74 = Smesn G (2Ng) + 2N
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‘where!

. Tpean == 003N Siress.

S TOTAL STRAIN-LIFE CIRVE
g
&
“ . -
| N FLASTIC
«  COFmET
w? L 1 | i g Lo )
' 0t w0 w0’ ot 0wt w0
CYCLES T0 FAILIRE (2 Hy)

. Figure 8.7 A typical strain-life curve |

. Note ihat the plastic component is unaffecied by the mean stress. Farther,

a tensile mean stress will reduce total cycle life whilst compressive mean

stress inereases total life.

In the case of complex load histories, this fatigue model may be applied
in conjunction with the Palmgren-Miner hypothesis, in a similar manner as
discussed above, for the stress-life approach. Here the strain data in the
various count level groups is converted into strain range and mean stress’
values by reference io-_\tllze cyclic (hysteresis loop) stress-strain curve for the

matkerial.
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. DESIGN EVAI.U A’FION .

4.1 Introduc#\mn i

“This cha:pt%r presents a geﬁeral overview of ihe apprﬁax:h adopted in' the de- -
mgn of all aspects of the semi-trailer and details some of the more mportant
desxgn decxsmns For the most part this takes the form of a discussion or

. evaluatid of the design analyses detailed in the appendices to this disserta-
L‘ . . . N

&

The st part of the t;hapter presents a2 discussion of certain general as-

pects which include the overall vebacle concept and mam dimensions as well

" as demgn payload and chessis mass, and the approach adoPted in the stress

analysis of the vehicle chassis. Thereafter, each different section of the trailer
design is evaluated individually in conjunction with the analyses in the ap-

- peadices. In each case the methodology adopted is dizcussed and the more

irnportant )'}'esults are presenté&. Reference is also made to the engineering
drawings i Appendix H.

)

‘4.2 General

4.2,1 eneral vehicle concept;-legal considerations, and overall
dimensions ;

Although the principal criterion goveriting the vehicle concept in this project
was to cbtain a high payload (refer Section l.i), the semi-trailer hus also
been designed with a view to obtaining the maximum overall length and

widch within the bounds of present legislation. The main dimensional and

mass restrictions for a truck-tractor and semi-trailer combination are:(%)
|
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& D:menszonal hm:tatmns ‘

0 f _,maudmum combma.tmn length _ T 17,0 m

.« maxitmum semi-trailer length No restriction -
= rhaximum serni-trailer wheelbase 9,0 m
- maxizoon semi-trailer front ovethang = 1,6 m
-~ maxizum séini-trailer overall width 2,5 m

(i} Tegal pa,vement loadings:
The regulation stipnlates the following shall not be exceeded:

~ Maximum axle mass loads of 7700 kg for an axle with smgle tyres
and 8200 kg for an axle with dual tyres.

e - Tyre rating as specifiod by SABS ARP 008 - 1989 (Parts I - VII
: }f and X)©? o P
{ ~ Manufacturer’s nxle rating.
: (m) Liumitations 1mposed ‘oy bridges and culvﬁrts

I The maximum Iegal load on a group of axles may not exceefl the
value obtaired from the formmla:
Load = 1,8(s)+16000 ke

where s is t«he distance in millimetres between the -centre lines of
the extreme sxles in that group.,

The limiting bridge formula spam for the majority- of 6 x 4 truck-tractor and
semi-trailer ccmbinations on the road at present is usually the extreme axle
span (ie. from the steering axle of the truck-tructor to the rearmost axle of
the semi-trailer) or the span from the foremost drive axle of the truck to the
rearrnost axle of the trailer. Maximising these dimensions will thus ensure
the highest possible payload, and a wide spaced tridem axle or PET (payload
efficiency trailer) type semi-trailer is the most obvious way of satisfying the

criterion of maximum payload and deck length.
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- The serm«-trmler configuration selected in this design project is shown in Fig-
' ure 4.1, together with the projected or design weight. distribution used for

<Al design caleulstions. For the truck-tractor and semi-trailer combination -

haviag a lé.gal maxirntun 6vera11 length of 17,0 metzes, and with no yestric-
tion placed on the iength of the sem:—traaler itself, the maximum, length of
the trailer depends on the dimem,:ons of the towing vehicle. In this respect
foma.rd contrei truck tractors have a distinet advantage over their normal
control counterparte. By selecting a truck-tractor with a very short driver's
cab and nlc: bonmnet (eg. ‘Mack F700) & sexni-trailer of up to 14,5 metres

can be obtained (eg. Henred Fruehauf PET trailer(?*), In this particular

- design, however, it was considered prudent o size the pverall length of the

semi-trailer so that it could be coupled (within the 17,0 metre overall coni-

bination length restriction) to the majority of forward control truck-tractore
on the South African market. To this end, eighteen representative forward

.~ control truck-tractors were conatdered (refer Appendxx () and a maximum -

semi-trailer length of 13,85 metres was selected as being suitable for approx- -
imately 75 percent of the vehicles analysed. The majority of the remaining
25 percent of the truck-tractors could, however, be cﬁupled to a semi-trailer
of this length but only with an asiociated reduction in allowsble payload.
This is because the necessary 5th—wheel positions result in an unfavourable
weight distribution on the tmck—tractor, which necessitates a reduction in
king-pin load, and hence payload, so as not to overload the steering axle of
the truck-tractor. After allowing for the protrusion of the rear bumper and
headboard, etc, the 13,85 metre overall semi-trailer length results in a deck
length of 13,73 metres.

The wheelbase measurement (fe. from the king-pin to the centre of the trailer
axle bogie or, in this case, the centre axle) has been reduced to ma_rg;iﬁally
below the 9,0 metre legal maximum (le. 8,924 metres) to allow for changes
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Figure 4.1

Semi-trailer design weight distribution and general dimensions
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ti;) the suspanmon geometrv at a Ia.tm' date. For example, the axle moun{:mg

p:nsﬁ:mﬁ on the suspens;on tra.lhqg arm may be varied a.t some later date in -

Qrder to altar the Ioa.d distrs butmﬁ between the auspe?slon hanger and air
bag, or to increase mspmmun ﬁf‘avel The rearmaost axle was then placed aﬁD

tlose to the rear of the traaler a:ﬁ possible witheut fouling the rear bumper or

- mudﬁap, when at ma:umum 5 Fer angle. This was dtme to obtain the max-
imuny extreme ax!e spacmg fdr the combihation and thereby, as discussed

' abave, to achieve maximum pﬁyload The foremost axle was then positioned
an equal. dlstauce in front of the centre axle to ensure symmetrical steering

clmmctenstms and beca.usef#'he wheelbase for a tridem semi-frailer is de-
fined as the distance from 1jhe king pin to halfway between the formost and
rearmost a.xles of the tn-a:tie bogze f

A deck width of 2 40 metrf’és was selected as thjs;' aliows for the protrusion of
" drop-sides or side-posts, _f fitted. Front overhang mclmhng the headboard,

was set &t 1 460 metres ' .j

The basic chasms struckure is of & ladder. type construction comprising two -

longitudmal beains rumung the full length of the trailer and spaced apart
at intervals by torsion tube crogs-members. The longitudinal I~section main
beams support the lengitudinal and vertical loads, whilst the torsion tubes
resist torsional twisting of the frame. The 1,060 metre dintension between
the main I-beam centres was chosen sitice this gives the maximum practical
spread between the trailing ayms of the suspension for reasons of roll stability,
and gince it allows for convenient mounting of the suspension air-bag and
associated air supply, witimut iﬁterferiﬁg with the steering ability of the self-
tracking axles. | '

- For the most part the semi-trailer chassis\ structﬁré was designed as a series

of sub-assemblies (eg. torsion tubes, outriggers, suspension mounts) which
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are holtéd together to form the full tmzler chassis. This was done to elnm
. nate the need for large scale assembly jigs duriny the ‘cne-off® conm.mctmn

| phase and gince, in some sreas (eg. torsion tube ends), this method results

in lower joini:_stxfesses than a welded only .‘iaint_l,, and removes the possibility
of cracks propagating from one component into another. -Other advaﬁtages

" are tha$ sub-assembhes may be removed for repair or nmd;ﬁcatlon, or duor-

!

ing testmg of the trmler, in order to fit i .nstrumenta.tmn or for laborato'y '

szmula.ted tests on individual ‘components. In order to prevent electrolyt:c

, cormsmn, all of the bolts, washers and nuts used were cadmium pla.ted, and
‘wherever steel components were bolted to'ihe aluminium structure, a gasket

" was’ inserted between the two surfaces and the steel part painted with zinc

chromate primer (eg, “Hope’ de{;be foux;dati__on piate).

4.2.2 Design payload and chassis mass

The mexitum legal pa;yhad a,ttamable fﬁr a semi-trailer of this f.ype is o'b-
viously dependent on the tare mass and dlmenswns of the towing vehicle as

well as the dimensions and tare mass of the trafler itself. From the enalyses -

of Appendix G, the maximum payload was for a Foden 5106 - Gx4 fruck-
tractor and is equal to 29 417 kg A round figure of 20000 kg was hence used
as the design payload.

The design tare mass for thé'trailer was approxin-ated fo be 5970 kg (vefer

Figure 4.1) which was further divided into 2800 kg chassis mass (including

deck, ocutriggers, side rails, headboard, ete.), 250 kg anxiliary equipment
(including ‘Hope® anti-jack-knife deviee, br#king equipmient, and Hghis) and
2820 kg tri-axle bogie mass (including axles and brakes, suspension, wheels,
tyres, eic.).
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4. 2.3 Psendp-dynannc loadmg desxgn approm:h and 3
stress analysns ' ' {l'h::? L

i

. Theiﬂfare iwo comﬁaonly used appmaches to the demgn a.nmﬁ'ﬁw of a road |

vehhg.e The firat of theﬂe mvolves the application of a load factor to the

Isereases calcuIaXed from the statie {1-2). Joad distribution. The usual value ,
taken for t"iw; Ioa.d f&,tar (sometimes referred to as « saiety factor) is of .

t.he order of 2,5 , althougn valiies as low as 2,2 are at times uead (2.%,39-41)
Altematwely, a design mudel based on dynam:c acceleratzons in the vertzcai

. lengxtudmal a.nd transverse dmectmna may be applied. -

n

The latter of these twb hpproaches is felt to bn more realistic: Firstly, it is » -
" bebter spproximation to the a.ctual mtuat:on in that it takes info account such
cccurrences as load transfer to the front of the vehmle during brakmg Also,
larger Iongx_tudmal g-forces than those resulting from brahh;lg deceleration

(apprmdmafely ,65-¢ maxiomun dunng braking) roay oceur as a result of

“potholes and other severe «negxﬂa.nt:es in the road surface, or due to king-

: pm sla.cL Secondlyy dynamm arce. =t'a£10.. vécorded during testiug sta.ges can

easily be compared with values used in the design stage (also refer Chapter 3).
Lﬁ'or these reasons this approach is preferred and was adopted in this project.

L

Typical dynamic accelerations for highway vehicles are presented in

 Table 4.1.(9'3? =‘f‘=42) The acceleration factors listed mder ‘maximum’ are the

values adopted if: this project in the psendo-dynatmic foading désign approach
to the main chassis Jongitudinals axd certain other structures. For the static

load distribution the verticel acceleration factor is 1,0 and the 1ongitud£ﬁal _

and transverse factors are zero.
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Table 4.1  Typical dynamic acceleration factors for

highway vehicles |
Acceleration factor
Direction - _ '
_ Maximum Norinal running
Vertical 2,0 L,1te 1,3
Longitudinal 1,0 0,1 to 0,2
Transverse 1,0 0,1 to 0,2

In keeping with current design practice,(##40 all of the vertical and longitu-
dinal loads are sssumed to be carried by the two main chassis I-bearss ronly
(refer Section 4.3). This assumption. is deemed valid since the contribution -
of the side rails and decking is negligible, in that the deck planks are trans-
versely mounted, and the side rails are far removed from the main beams
and hence ounly share the bending loads by virtue of the somewhat ﬂe;nbla
connections thirough the deck planks and outriggers. Transverse loads on the
semi-trafler are not included in the analyses of the main chassis I-beams since
their effect on the stresses in these beains is negligible due to the relatively
\ large widti:, and hence, lateral bending stiffness of the ladder frame chassis.

Furt and again in line with. current design practice, the 30 000 kg payload
and 2 96_(‘1 kg chassis mass are assumed to be uniformly distributed over the
ful length of the trailer chassis. '

For the most part the Shear Strain Energy Theory or Von Mises
Criteriont1:20:43) iy used as the failure criterion in the stress analyses of this
report. This theory postulates that the shear strain energy in the complex

stress system and in simple tension are equal, viz:

(o1 = 02)? 4+ {03 — 3 ) + (03— 1) < 207, for no failure
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whﬁrel
Oy = i;enéile yield' strength “

71,2,3 = principal stresses

Yor oy = 0, the eriterion reduces to: | ’ " _ u

q’f +0f + (01 = 02)* < 203,

This is the forxﬁ in whicl; the equatiﬁn is most often used in this dissertzdtiun.' '

In tlie case of ductile metals the -fon Mises Failure Criterion correlates well

with material behavionr®0) and is thus selected for the aluminium alloys

used in the icem:t::_mcticn:t of this semi-trailer.

Principal stresses are calculated from Mchr stress civcle principles(3049), vig;

- 2
= (2572) ) (252)

where=.

oy = z-direction stress
oy = y-direction stress

. 7 & shear stress
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_ 4.3 Main éhassis I-beams

._T ;

4.5.1 . Lbading analysic of main Ifbeaﬁis

Sevexz dzﬁ‘erent load cases were a.nalysed in an, a.ttempf o cover al1 possmle
10admw mtuatmns on the main chassis ]f-beams (refer Set:tmn A2, Appen-
dbt A) ‘The ﬁrst of these is thie pseudo—dynamzc loadmg; mtuatmn as discussed

in Section 4.2.3 sbove, whilst i_;he remaining six are static load situations for -

“various support conditions.. These are denoted ‘Case 1’ to ‘Case 7’ loading

in the analyses of Aﬁ:ﬁendix A, and are discussed in deteil below.

| The ;znalysié of each load case was undertaken using the ‘Genesys Fraroe-
) anals-rsilé_;{;?’ stxuctmql'mélysis sub-program oa the University]Pf the Witwa-
o témr&.nd’s IBM-'STOHmﬁ:inframe computer {refer Section A2 Appendix A

- and A.ppendix B). Due to lateral symmetry of the chassis siructure, only

one cha.sszs I-bea.m was analysed in each case, and this was loaded with half

- &f the umfom:ﬂy distzibuted payload and chassis mase. 'I‘he varying depth
+I-bean was modelled a5 a series of two node beam elements joining 31 nodes
" positioned along the neutral axis of the beam (réfer Figure B1). The load
. equalizing characteristics of the tri-axle sir suspension were modelled by us-
. ing a ‘fir tree’ system of pm jointed links. These links were attached t6 the |

I-beam mode} at the suspension hanger and air bag nodes and were propor-
tioned to correctly distribute the load between axles and between hanger and '
air bag mounts. The five systems of luks used to model the suspension for
ﬂ:e various tridem bogie support co:c;ditions, ai-e depicted in Figures B2 to “
B6 in Appendix B. In order to ensure that the deflecticns of the suspensinﬁ
hnlmge system were small in comparison with the chassis I-beam deflections,
and could thus be neglected, the suspension link members were given high

values of cross-sectional area and of second moment of area. Together the
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- frame sttur{ure o o 0

 chassis I-beamn model a:ad the suspenmon model fotm a two dimensional plane

'\. R

Case 1 loading

_ 4% already mentioned, this Ioad case corresponds 36 the pseudo—dynmc

leading situstion and represents the maanmum vert:cal and long:tudma.l
forces ex_pected totve ;mposed on the trmler chessis during its working life.
Acceleration factors of 1-5 fot iong:tudznal and 2.g for vertical luads were
nsed (refer Sactmn 4" 3 a.n& Sectmns A 2.2 and A.2.5),

il

]

~ The m&thod of anabsm adopted was firstly to, calculate the load transfer

from the aem:-trmler tridem axle bcgm to the king-pin mxﬂtmg fmm the

: Iﬁngltudmal dec&emtmn and for an assumed’ distribution of retarding forces
_between the king-pin and bogm An sseumed distribution of retarding forces
® Was neceasary becavse of static mdetermmacy and was sstimated to be sach

that 40 percent of the deceleration was due to retarding forces at the tyres

" of the semitrailer and 60 percent due to retarding forces at the king-pin.

"The overall éenire of gra,vity {chassis mass and ﬁa,ylaad) of the laden trailer
was estimated to be 800 mm sbove the deck. The load transfer within the
suspension itself was then: lculated and the pseudo-dynamlc teactions af

the king-pin and suspension hanger and air bag mourts were obtained.

- Working backwards, a skewed load distribution (refer Figure A4) of toual

magnitude equal to the design payload plus chassis mass multipﬁe& by the
2-g vertical acceleration, was then ca.lculated to produce these pseudo-dynamic
support reactions. This skewed load dlstnbutmn was then approximated by
a stepped load distribution, denoted ‘LOADING /V2L1 and used for Case 1
loading in the analyses of Appendix B.

Longitudinal loading on the chassis I-beams (refer Section A.2.5) was caleu-
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lated by assuming that the fiiction forces between the uniformly distributed
. payload 4nd the trafler deck ae alsé uniformly distributed, and adding these
S fbrces ;,o the longitudingl yetarding forces at the king-pin and sugpension
Ehanger;s. _ ' ' |

* Shear force, bending moment, detlection and longitudinal load diagrams from
the results tabulated in Appendix B are presented for this load ease in Graphs
eltodd | “

Case 2'9,11__& Case 3 loading

'I‘l:;ése two load cases correspond to étatic loading situations {ie. 1-g vertical -
acceléra.tfion ‘only) for the stationary semi-trailer sta.\miing on level ground
(i‘éfér Sectionn A.2.3). ‘Case 2 represents support at the king-pin and tridem
- “bogie (ie. semi-trailer coupled to truck-tractor) :&*hilst Case 3 is for support
at the landing legs and tridem bogie (ie. semi-trailer uncoupled). The static
10a§ distributicn is denoted in Appendix B by ‘LOADING/1".

Shear force, bending moment, and deflection diagrams are presented in
Graphs 4,5 to 4,10 f++ these two loading situations from the tabulated results
of Appendix B..

Case 4 to Case 7 loading

The last four load cases simulate situations where the tyres of one or more
of the axles of the semi-trailer iti-axle bogie are lifted completely off the
ground. These situations arise, for example, when negotiating large humps
or dips in the road surface, when entexing or exitings driveways over storm
water gulleys, or when turning sharp corners where theﬂe is a large difference
in relative slope between the two intersecting roads. This phenomenon is
characteristic of PET type semi-trailers due to the wide axle spacing of the
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| txidéﬁ bbgie and is caused By the foad eQualization system of fhe suspen'&ion
not having sufﬁclent tra.vel to maantam all three sets of tyrés firmly in cantact
.mth the ground st all t:mes (38} Due to the extreme nature of the cendltmnq
required to m:oduce ea.ch of these load cases, they oceur at low apeed and
hence st low dyna.nuc welerahon For this reason the static load distribution
(_:é., ‘LOADING/ ") was used in ea&:h of these amlyses in Appendix B.

The foar 1ad cases are as folloi_vs:"

O
il

Case 4 -"support st king-pin and foremost axle only.
Case 5 - supﬁort at king-pin and centre axle only.

"+ Case 6 - support at king-pin and rearmost axle only.

. “2 . i | .

. Case 7 - support at king-pin and foremost and centre axle.

"The shear force, bending moment aud deflection diagrams for each of these
loading situations from the results 01 Appendix B are presented in Gra.phs
4.11 to 4.22, ;

4.3.2 Stress distributions in main chassis I-beams

The twelve stress distributions listed below were caleulated over the full
length of the main chassis I-beams (refer Tables A2 to A7 in Section A.3.1)

are presenﬁed here in graphical forin in Graphs 4.23 to 4.34.

Apart from the distributions of longitudinal direct stress and maxirourn trans-
verse shear stress (at the neutral axis), three areas of the I-beam cross-section

were comldered in these analyses. These are the extreme ﬁbres, the web io
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Shear 'ft_ill‘l'.'e (kN

Graph 4.1

Shear foaree distribution un-ngin chassis I-beam (Case 1 loading)
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Bending nonent (kin)

Graph 4.2 Bending moment distributica on main chassis I~beam (Case 1 loading)
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Deflection (nn)

Graph 4.3 Deflection disgram for mein chassis I-beam (Case 1 Ioading}
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Shear force (KN)
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Bending nonent (kNn)

Graph 4.6 Bending moment distribution on main chassis I-besm {Case 2 losding)
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Defiection (nn)
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Shear force (kN)
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Bending noment (kNn)
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Bending noment (kiNn)
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Deflection (nn)

_ Grii;f:s %.13 Deflection disgram for meain chi;sis I-bean (Caze 4 loading)
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Shear force (kN}
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Bending nonent (kNn)

Graph 4.15 Bendihg' moment distributiom on main chasais I-beam (Cose 5 loading)
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Greph 4.16
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80.0

50.0
40.0

20.0

n -
o

~20.0

-40.0

- ~60.0

-80.6'}

|
/.-
-
. R
. )
I
\ .
; - .
o ) 4
. _ )
.
L
P
L _

- -
e
»
]

L1000 L
0

2000 4000 -.6000 . 8000 . 10000 12000

Distance fron front of I-beﬁn {nn)

TP



TL

Graph 4.17 Shear force distribution on main chassis I-beam (Case 6 loading)
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Graph 4.18 - Bénding moment distribution on main chassis I-beam (Case 8 loading)
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Deflection diagram for main chassis I-beam (Casze 6 loeding)
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‘Griph 4.20  Shear force distribution on main chessis I-_bein (Case 7 loading) 3
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Graph 4.21  Beading mement distribution on main chassis "Il-beam {Case 7 ;'ol'dingf!
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- Graph 4.26  Principal stress distribution at the extreme fibres (Upper
flange - Case 1 ioadxng) . :
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Principal stress (MPa)

Graph 4.32 Principsl stress distribution in the main I-besm welds above the neuttal )
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. fHange joint (ie. :mmedza:bely belov the flange within the T-section extrusion)
_ and the web to 'I'—sgctmn ﬂaﬂge welds In each of the stress distributions

' discussed, maximwm 1oads occr nnder pseudo-dynamic loading conditions

and hence, all of the stress distributions weye calculated for the Case 1 laadmg

* analysis ge. *Loaan/vzm')

The t\i{éi?.:e stress distributions are:
- '-—_,fibngitudinal direct stress.
- Maximum transverse shear stress (neutrsl axis).

; . 'Exl;reme fibre bending stress (upper flange).

~ Prmcxpa.l stresses at the extreme fibres (upper ﬂange)
= Pnnc:pal shear etress at extreme fibres (upper flange).
~ Vo Mises stress at extreme fbres (upper flange).

— Principal stresses at the web/flange joint (above the reutral axis).

- ~ Principal shear stress at the web/flange joint (above the neutral axis).

~ Von Mises stresses at the web/Hange jeint (above the neutral axis).
~ Principal stresses in the main I-beam welds (above the neutral axis).
=~ Principul shear stress in the main I-beam welds  above the peufral axi:).

~ Von Mises stresses in the main I-beamn welds (above the neutral axis).

o
i

'The stress distributions at the extreme fibres and at the web-flange joint were

considered since, in general, the principal stress of greatest magnitude for an
L-section oceurs either at the extreme ﬁbfes or at the web-flange joint. (43!
Cemparing Graphs 4.26 and 4.29, the minimum principal stress

(ie. oy-corupressive) is seen to be of greater magnitude at the web-flange
Joint than at the extreme fibres for the firat 2,455 metres from the front of
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the beam (ie. node 1 to aode 5) and for a short léngéh at the very rear of the-
beam. The maximura principal stress (ié. oy -tensile), o the othef hand, is

greater at the web-flange joiut than at the extreme fibres for the full length

of the benm. - N

The stress distributions at the main I-beam welds (ie. web to T-section
flange welds) were deemed important because of reduced material _strengtlﬁ,
especially ; terms of fatigue (vefer Section 4.3.5), at that position.

All of the pﬁncipal stress, principai shear stress; and Von Mises str(?ss distri-
butions were evaluated above the neutral axis since the longitidinal -di‘recf,
stress is of the same sign as the bending stress in tll:us region over most of the
length of the beams, and hence réélﬂts in greater :Ifc-direction stresses, “This
then yields greater principal and Von Mises stresses over these iengths (also
refer Section 4.3.3).

‘The longitudinal direct stress distzibution of Graph 4.23 is, for the most

part, Jinear except at discontinuities caused by support reactions and over
thalt length of the beam where the depth of the Lbeam section varies. As
expected, maximum longitudinal direct stress occurs at the king-pin due to
the high retarding forces at that position. “

Maximum transverse shear stress at the neutral axis (Graph 4.24) ocewrs at
the king-pin pogition as a result of the high dynamic forces at the king-pin
for Case 1 lnading,

i

Although the maximum bending moment on the I-beams for Case 1 lbading
oceurs at 5,709 metres from the front of the beams (ie. approximately at
node 15 - refer Graph 4.2), the greatest viiue of extreme fibre bending stress
is seen in Graph 4.25 to occur at 3,555 mstres frore the front of the beam
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fGe. at node 5). This is because of the considerably reduced Ibeam depth

at that posxtzon Also, as e::pected the m:mnmm pnnmpal stress, pnnmpalﬁ.‘

shear stress, and Von Mises stress at the extreme ﬁbres are alsn greatemt at
node 9 (refer Grapha 4.26 to 4.28).

At the upper web-flange joint, the péaik Jmmmum principal stress {(le. oy~
comipressive) in Graph 4.29 is seen to occur at 3,555 metres from the front of

the beams (node 9) This is due to the high bending stress at that position. 1

The maximum principal stress (ie. oy-tensile), on the other hand, is greatest

at the king-pin (i=. 1,355 metrés from the front of'the beams - node 3) due
10 the high shear loads und low bending stress at the king-pin. The principal
‘shear stress and Von Mises stress distributions in Graph 4.30 and 4.31 peak |

at 3,555 metres (node’9), with lesser peaks occurring at the king-pin.

Similarly, in Graph 4.32, the greatest values of the maximum and minimiun :

principal stress in the Ibewin welds are again at the king-pin and at 3,555
metres respectit;gly. The principal shear stress and Von Mises stress distri-
butions (Graphs 4.83 and 4.34), however, both peak at the king-pin in this
case as a resull of the greater influence of transverse shear stress closer to
the neutral axis,lcoupled with the ;mgh shear force at the king-pin. Lesser
peaks oceur at 8,585 metres from the front of the heams Itie. node 9) due to
the high magnitude of the minimum principal stress at that position.

In ecack of the principal shear stfess and Von Mises stress distcibutions pre-
gented in this section, the siresses are at all positions along the length of the
main chassis I-beams, below the alldv;v;aliiu'shear yield ‘stress (7,:) and tensile
yield stress (oy = 0y 2 ) respectively for the Anticorodal-112 aluminivum alley
used in the construction of the beams (refer Section E.1.1 iﬁ Appeadix E).
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4.3.3 Failure critical stress areas in main cliassis I-;béams o e

Pleven areas along the length of the main c.hassxs I-beams are zdentrﬁe& in_
Section A.3.2 of Appendix A as being possible fuilure critical areas That is,
those areas or, positions where failure is most likely to initiate. These 1-nc1ude -
aress of high busic stress as well as areas v;rhere the high stress is due to the
presence of stress raisers. The eleven positions along with their associated
Von Mises stresses ave as listed below. As in Section 4.3.2, these stresses
were evaluated for Case i 1oa,ding. -'

— Btress at extreme ﬁbres “of hhe top flange at maxirram bendmg moment
" (o = 92,60 MPa). '
_'f- Stress in upper main I-beam welds ot maximum bending Homent
{om = T1,72 MPa). ' - !
— Stress at extreme fibres of the top Sunge at o — bending stress
(0m = 128,4 MPa),

~ Stress in upper main I-beam welds at maxirnum bending stress
(om = 89,00 MPa),

- Stress at torsion tube bolt hole nearest to maximum bending moment
(0o = 130,7 MPa). R

~ Stress at maxirwm transverse shear stress (oy, = 92,10 MPa).

- Stres_s in lower main I-beam welds at maximtun shear force
(04n = 106,2 MPa). |

~ Btress at torsion tube bolt holes 2000 mm reamrarci; of the _king~bin
(9m = 173,8 MPa and 173,5 MPa). '

~ Stresc in main ITbeam web at landing leg mountmg ‘bracket welds
(0 = 53,23 MPa). |
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-~ Btress at rubbing plate bolt holes in main I-beam flanges
(0m == 121,9 MPa). |

~ Stress in main I-beam web at upper coupler cmmember-welds_

7

i

The greatest Von Mises stress for as extruded material is seen to ocour zt the
extremne Hbres of the upper Hange at méx’imum bending stress (ie. at 3,535
metres from the front of the beams - node 9). ) t
¢

For areas where high stress is due to the stress concentrating c;ifec_t of a bolt
hole, the maxmmm Von Mises stress occurs at the torsion tube bolt holes
2000 miﬁmetres rearward of the king-nin. Although stress concer ‘whion
factors can, for the most paxt, be neglected for static lvading of dnf-tﬂe
matmals, since the plastic yielding that occurs on overstressing causes a
local redistribution of stress,(349) an elastic stress concentration factor has
been included in all such stress ana.lysm in Séction A3.2. This is justified
gince the maximum stress after the application of the stress concentratmn
factor is in every case substantially less than the tensile yleld atrength and
hence local yielding is extremely ualikely. Fhrthermqre, since the majority

of stressing of the trailer chassis frame occurs under dynamie conditions,

and since the effect of stress concentration is considerably more prcmoum:‘eiffl''I

in the fatigue situntion,®) even for ductile materials, the use of a stress
concentratiorn. faf,tor at this stage of the analysis serves to illumine possible
failuye critical a,%ea.s for the fatigue analysis of Section 4.3.5 and Section A.5.
Roark and Yoﬁ:}!zg(‘*“) suggest a stress concentration factor of 3 for in-plane
bending of a finite width flat plate where the ratio of the hole radius to its
distance from the edge of the plate is small (ie. less thah €,05). In the absense
of more accurate data, this case is used here to approximate the situation of

the torsion tube bolt holes in the main I-beam webs, No data was found to

93

°



0 .
R

approximate the siress concentration resulting from the rubbing plate bolt o

holes for the lower I—heam flange in compressmn and thus a value of 3 was
also used. It 1s m:pected however, especially for the ease of the rub bing plate
bolt holes, that these volues are, if anything, too high :md that concentramon.
factors of between'2,0 and 2,5 are more likely. In all of these oalcula.twns the
principal stresses are evaluated as if the hole were not present and are then
multiplied by the relevant stréss comemrat:on factor before the Von Wwes
failure criterion is apphed. )

4 3.4 Buckling of main chassis I-beams r
' | A
\fither
lateral or local buckling. In the case of the two main I-beams of the/semi-
‘tomiler chassis, lateral buckling is extremely unlikely for the type of ﬂ)a_ding _

encountered, and because the beams are resirained laterally by the deck

Under the application of various types of loading, a beam may fail by

and torsion tubes. Local buckling of the I-beam web or flanges may 'occur
hc:rWevér, if Joeal coinpressive stresses become excessive. It should be noted
that local buckling is not, Tr.vfa«::eass:;riIy indicative of imminent ooﬁapse and the
beams would most likely be capable of cerrying loads a,bma% those requived to
cause local instabiﬁty. This is particularly true for beams in bending where
web buckling precedes flange buckling, as is the case for the main chassis

L.beams.

In Section A 4 the buckling diagram for the Anticorodal-112 alurhinium alloy
is presented in Graph A1, whilet the local buckling strength of the web at
sach of the 31 main I-beam nodes is presented in Table AS The distribution
of the buckling strength data is plotted here it Graph 4. 35 As expected, the
web buckling strength varies over the length of the beams in a similar manner
to the beamn depth. I-‘iirtl}ier', by comparison with the stress distributions of
Section 4.3.1, and in particular the stress at the web-flange joint, it is seen
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* Buckling strength (MPa).
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4.3.5 Fat:gue analyms of main chassis I-bpams

£

) "By far the most cammon hnode of structural failure for the majority of road
wehlcles, espec:a.]ly hea,vy duty vebicles, is fatigue eracking. This is due to

the fluctuating stregses induced in the chassis frame components as 4 result
of the random, viBta.tion of the stmctm;e and pa:yldad a.é'the vehicle trav-
ls over ircegular aurfwes, and the very high- nummber of such stress cycles
expenenced over the semce life of the vehicle. The a,na.lyms of the famgue

. dife or endurance life of s, p!{ototy'pe vehicle is hence of erfreme importance,

and-is.-b_e_z_a,t approached by identifving the spectrum of differing stress levels

.experienced by the vehicle by means of exiensive testing, reluting them to

the appr&pri&"ae stress-life curves and then using Miner’s Cumulative Damage
Low.(7/26:80,32,34) Thege procedures ave discussed in greater detail in Chap-
ter 3.

At the design phase some estimation of endurance life is also.necessary 50

. that the designer can, as far as possible, adequately size and configure com-

posents for the expected service load conditions. ' At this stage the fatigue
loading spectrum is usually provided by previous experience gamed from
testing similar vehicles. In the design of this particular senn—traﬂer, how-
ever, such background information was not available and she best that could
be done was to make certain assumptions as to the loading épectrum that
could be expected. For this reason, and for a number of other reascns which
wiil become apparent in Jater discussions, any assessment at this stage of
endurance life will, at best, be inaccurate, Nevertheless, some discussion, of

fatigue life prediction for this vehicle, in order to ouiline methodology and
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to obtain an estimation of endurance life, is appropriate here.

In Se(,tm AB of Append.tx A, the iatlgue life of the maio chassm I~beams
;a8 evaluated at the followmg three pomts -
- Aﬂhe extreme fibres of the tension {lower) ﬁange at maximum bendmg

1 ‘R

stress (ie. at node 8).

_ At the main Lbeam welds belmk the neutral axis at maximum bendmn

stress (:e at node 9).

— At the lower forsion tube bolt hole at 2,100 metres from the king-pin.

These three positions were chbsen éinte they represent the three moslt faifure-
eritical a.reas along the length. of the beams (vefer Sect:on 4.3.3 and Sec-

tion A.3.2) and since they demonst.rate the methodology of the fatigue cal-
culations for a wmught or extruded material as well as for welded and bolted
joinls. Although E,nea.ter stresses were obtained above the neutral axis in
Sections 4.3.3 and A.3.2 in 21l three cases, .he fatigue stressés have been
evaluated below the neutral axis since the tensﬂe mean stress below the
nr.eutral axis at these positions results in a greater susceptibility to fatlgue
cracla.mg than compressive mean stresses. (39446 Further, though a greater
Von Mises stress was obtained in the main beam welds at node 3 (ie/ at the
king-pin) than at node 9 for the pseudo-dynamic loading in Section'A.3.2,
a preater maximum principal stress was obtaitied at node 9 for the uniform

load distribution used in this fatigue analysis.

‘The fatigue stresses were evaluated for vertical dynamic accelerations only
(ie. no longitudinal acceleration) in the range from 1-g (static loading} up to
2-g (assumed maximum dynamic acceleration) in steps of 0,1-?;. "The shear
force and bending moment data for each stress level was obtained from the
static 1-g loading distribution (je. Case 2 loading of Seﬁtion 4.3.1 and
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" minimmum snd altervating stresses, as well as the stress ratio at each of the

three posmons listed above, ave presented in Section A.5. 1 in Appendix A. In’
f.he case of the bolt hole these stresses are presented without the mt‘lus‘en of

Apﬁeniaix B) by multiplying the static loading values by the vertical

g-level factor. In ea.ch case the relevant fatigue stresses were taken to be
bne oaXimum pnncxpal stresses ut the point, with the maximum: stress equal

“to th° stress cotrespondmg to the particular g-level and the mean stbess
that stress resulting from sta.tm loa.dmg. The a.ltematmg stress 1s then the

dztference between the maxzmum and mean stresses, and the minitinum stress

s equa! to the mean stress minus the a.ltema.tmg stresa. 'I‘  stress ratio is

the ratio of the minimum to maximum stresses. Tables of the maximum,

A
a.n\y stress concentratmn factor since such eﬂ'ects are included in the stress-hfe

curves.

ey

- A Gaussian or Normal frequency distribution was us;a_d $o approximate the

_frequency distribution of stress levels for the fatigue stress gpectrum over the

projected service life of the vehicle. This particular distribution was chosen _

since it closely approximates the distribution of random variables (le. such as
encountered during road induced vibration of the semi;trailer. chassis). The

Grussian distribution functiont*? is given by:

Flz) = \/__ f *%{(v-—n)f-udv .

where

5 == standard deviation of the distribution
¢ = mean of the distribution

v = distribution varjable

8
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In applying this equation the followihg two assumptions, were used:
~ The 2-g dtress level correspmds to six atanf’md deviations from the mean
" _stress. S S b
~ The semi-trailer experiences one stress cycle for gvery metre travelled.

The value of __six standard deviations was chosen 50 ag to a.clueve a frequency

of 2.g stress ':cﬁ‘ycles in the order of one in approximately every 10000 Icm:

travelied. The actual value achieved was one in every 15679 km (refer Sec-

tion A. 5 2). The assumptzon of one stress cycl“ per metre tr:):velled was
selecbed for simplicity and resulis in frequencies of \ubra.t:on of 16,7 Hz af 60
kmn/h amd 27,8 Hz at 100 km/h These frequencies are shghﬂy higher tha.n'

the frequenmes obtamed Auring the mﬂ::al vibyation fraequenf'v tests under-

. taken at the rhegmmng of this project (refer Section 3.2). Fm‘thermore,
IIﬁM1mum chassis will, in general, bave lower frequenc;es of vibration than

a steel one of equivalent strength because of the Iower ¥l product for the

aluminium chassis beams. For both fhese reasons the fatigue calcula.tlons of

Section A.5 are considered to be conservatwely 'bia.éed

The number of c%c_leg to 'fa.i_lure at each stress level (comstant amplitude
cycles) were . mued from two sources of siress-Ife data for medium
strength alu.tL Aum alioys. These are Alcan data (‘Alcan Canada Prod-
ucts Ltd’)(” and BS CP 118: 1969.49) The Alcan fatigue curves (Figure
415, Section A.S.?x) relate the mumiber of i:ycles to failure to the mean and
alternating stress for nine classes of members. BS CP 118 on the other hand,

presents individual curves for each class of structural member in terms of

the number of constant umplitude cycies to failure, the maximum stress and

the stress ratio (Figures A16 {» A18 in Section A.5.3). The nine classes of

structural members are depicted in Figure Ald in Section A.5.3. The three

classes refarred to in this analysis, in the same order as the three critical
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posmons !mted abo%., m wlnch i:nev refer, are as follows (9,46)

‘—“—.

Class 1 ~ As mlled OF, ez.._, ..u.%i mrfaces with no other stress raisers.

rJH\

Class 3 Members, fabncated or connected by close fitting bolts or bv cold

- dnven d.lumxmx,m rivets ané so designed so.that secondary beud-

n . ing \stresses ar: not mtroduced and full p:-mei;ratmn butt welds
-made from both sides and with light bead reinforcement. |

+ Class 4 ~ Members with continuous.long'itudinal fillet welds made without

s u
‘ Erl

" interruptions during welding; and butt welds with near maximu -

head reinforceme?;% x;.ﬂ.ade from both sides.-

" The number of constant amplz*ude cycles to failure at each stress level for
’_ the three pomtlona are px‘ezsented in Tables Al3 to Al4 13 Section A.5. 3

The number of cycles to famlurer gre in excess of 5 x 10% cycles for the full
stress range at the extreme hbres at node 9 and at the bolt hole, and for the )

stress range up to a g-level £ fu ,i‘.or of 1,6 at the main 'beam. welds at node 9
Such number of cycles excesd the mammum ranges of hoth sets of stress-hfe
curves and represent distances tra.ve]]ed of greater than 500 000 km for the

assumption of one stress cycle per metre fravelled. The number of cycles to

failure in all such cases was thus taken to be infinite. |

In applying Miner’s Cumulative Dasnage Rule then, the total mumber of
cycles to failure for the full spectrum of stregs levels is iufinite at the extreme

fibres at node @ and at the bolt hole. In the case of the main I-heam deg--h_ e

at node 9, the total cumulative “rc.les o failure obtained were:

Alcan data - :\ 1,87 x 10" cydé:-:z,

BS CP 118 data : 4,78 x 10" cycles

For the assumption of one metre travelled per stress cycle these represent

total distances travelled of 187 and 47,8 million km respectively, both of -
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wizich, to all practical puxposes, represent an infinite life,

With regard te the accuracy of this analysis, the following points should be

noved. Firstly, it is not sufficient to assume 2 spectrum of stress Jevels as

‘has been done here. Notwithstanding the fact that a Gaussian dist-ibution

in general closely approximates the frequency function for random variables,

© velatively small deviations from the true frequency distribution can have a

marked effect on the curalative life caleulation. For example, one 2.g stress
cyr:le in every 15679 ku, as discussed above, may seem reasonable. Yet
a no:m,pondmg frequency of occurzence of one 1,5-g stress cvcle every 73,7
metres, or one 1,6 stress cycle every 425 metres, would seem to be excessive

(refer Table A12, Section A.5.2). Further, the semi-trailer is likely to apend -

a fair proportion of its service life travelling unladen, vnder which conditions
the frequency distribution would be made up of a larger number of smaller
magnitude stress eycles and a lesser number of larger magnitude eycles, This
suggests a number of different frequency spectra of stress lev is to account
for various operating conditions (eg. laden on highway, unladen on highway,
laden on secondary roads, etc); the total spectrum then being obtained by
summing the individual spectra. in the correct proportions for the projected

service conditions.

Secondly, with reference to the fatigue stress ealeulations and the stress-life

curves, the assumption of the fatigue stresses being equal to the maximum

principal stress, albeit necessary in this analysis because of the general natire

of the stress-life curves, is in general an over-simplificaiion. Stress-life curves
for the particular alloys used in the construction of the semi-trailer, and for
stress situations which mote precisely model those encountered during the
operation of _the-semi-‘trailer, need to be derived. Further, for both seté of
stress-life data, the accuracy with which the graphs could be read was, at

best, poor. In the case of the Alcan data fur the welds at nude 9, this was
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. dueto ..he Tow a.ngle of the curve e for. class 4 meisfxbezs in the region where the

1,7 to 2,0 g-leével stresses intersect the curve ani! the difficulty in reading the -
abacissa stale accuratoly. The main source of ﬂdwurax:y for the BS CP 118
stress-life curves may be attr:butud to. the fact that hneaar mimola.tmn was
usc4 for data pmnts bemeen the constant Jife eurves and the difficulty in
mterpolatmg accura.tely bétween these closely spaced cur_ve.»_..

4.4 = Chassis ?sub-sfruc&ure

The term ‘chassis sub-strueture’ refers to those portions of the semi-trailer

chassis which contribute to the load bearing a,bility of the camj)lete strusture.

This section evaluates and discusses the stress analysxs of such sub»structure

 as detailed in ﬁppemdm C.

4.4.1 Side rails and outriggers

Masdrura stresses ocour in the outrigger and side rafl structure during ioad--
ing and unloading operations (eg. due to forklift truek tyre loads) and not
when the laden semi-trailer is travelling. This is due to ihe fact that the
load per square metre for the 30000 kg design payload uniformly distribu;‘:ed
over the full length and width of the semi-trailer is aprroximately 900 kg per
squave metre (1800 kg for a maximum vertical soceleration of 2.g -

refer Sections 4.2.2 and 4.2.3), whereas the laden front asle mass of a typical
forklift truck, as nsed on the deck of a. trailer, is often in exces:s of 3000 ke.
The ISO contuiner floor test load(®®) is thus used as a representative maxi-
mur Joad in the side rafl ard outrigger analysis in Section C.2 of Appendix C,
gince the trailer deck support structure is likely to experiénce similar loading .

conditions to those of a shipping container’s floor.”



ISO 149571 - 1978(E)#) speciSies meximum loads as follows:
- 5460 kg over two tyres
- ‘l‘yre centres at 0,76 metres

BT IR
This load simulates the load imposed by the front axle tyres of a forklift truck

and accounts for both the static load and an:vemcal bump acceleration.

The worst case for loadmg on the aide rails and outnggerb oceurs when the .I

two tyre loads are applied on the deck directly above the side rail (refer Flg»
ure C1 in Section C.2). This situation simulates a forklift bruck dnwng onto
or off the trailer deck from a side loading dock (ie. forklift truck travelling
perpendmular to the length of the sexm-trmle*) where the front axle i is di-
rectly abqy__e the side rail, In this situation a portion of the applied load is
;upparted 'by the tfausverse]y racunted deck planks and éhe remainder by the
outrigger structure. The side rail serves to distribute load in either direction
from the applied loads to the outriggers and deck planks.

In the analysis of Section C.2 the side rail was considered as a continuous |
beamn supported over its entire length on multiple elast:.ic'suﬁpo:cts. These
elastic supports were placed at each outrigger and end rail position, as well as
midway between each pair of outriggers. Each support was then considered
2s being made up of a combinstion of the deck planks for the half sphn
on either side of the support position and, if present, an outrigger or end -
rail. The fexibility or stiffness of the outriggers and cantilevered deck plenks
was calculated individually and the total sti¥ness at each elastic support |
was then taken to be the sum of the individual outrigger (or end rail) ani
deck stiffnesses at that position. The proportions of a particular supporit_
reaction carried by the outsigger structure and the deck planks respectively,
were then determined relative to the outrigger and deck stiffnesses at that
support position.
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The cal&nla,tions were carried out usmg a bearn analysis computer p_rogram,
developed by the author at Henred Fruehauf Trailers(Pty)Ltd and based on
the 3-Moment equation for continyous beams. This program caleulates the _ |
bending moments, support réactions and deflections at up to 26 mdes”along
the length of 2 continuous been. Each node may be either d'.far;ppurt" node or
~ afree node and a support ﬂe;ub:hty is requtred at each node. A finite value
is entered for & ﬂemble support whereas rigid suppm-ts have fléxibilities of
zero. Very high flexibilities (eg. 1000000 mm/N ) are entaxred for free nodes
Up to 26 loads may be apphed and each of these may elther be a.pphed ata .
point Gr dlatrzbuted over a short length. "

The 23 suppott n»:;de positions for the mde razl model are shown in Figure C?
and their reﬁpet,twe suppoert fexibilities in Teble Cl in Section C.2.3. Three

loadcases were conszdered in the analysis, viz:
L

Londcase 1 Here the two tyre loads were positioned on the side rail
o Syrﬁnwtrically arranged about the ﬁﬁd-span node between
gwo outrigger lpt;des. This situation results in maximun
stress in the side rail.

Loadease 2 and 3 — Heve the two tyre loads were positioned on the side rail
_ with each load an equal distance on either side of a square
~ tube or upper coupler outrigger respectively. These two
loading conditions result in maximum load (and hence

ma;:imu;":} stress) on the outrigger under consideration.

The bendiﬁg moment, support reaction and deflection results aze presemed
in Tables C2 to C4 in Section C.2.3, and plotted here for loadcase 1 in Graphs
4.36 to 4.38. '
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Maximumn stress in the szde rail for loadease 1 oceurs at the pomtmns of the

-app]zed loads between nodes 10 and 11 (1e B,814 metres fmm the ﬁ*ent) :

The resultant Von Mises stress at the extreme fibres is 62,32 ’tha.

The maximum support loads for t“nej'squm tube 'p,nd vpper ccupler out-
rigeers result for the applied loads positioned above the- outriggers at 6,186
metres and 1,892 metres, respectively, from the front of the € i3 ‘8315 “The ’Von.‘
Mises stresses at the extreme fibres of the mboard end of thé uutnggers are
88,80 MPa and 106,7 MPa respectively.

Other than contributing to ishe support of deck loads the outriggers also
stiffen the e rails to allow for the Btiment of side posts at a later date

" and serve to space the mde ra.lls, thereby preventing s1de movement of the _

deck planks due to slippage at the deck mountmg clamps Further, stiffer
outripgers were used in the area. ad;acent to the upper. muplen' because of

the high impact forces that ocenr in thet region, as a result of stiff rear axle

*  springs on many tmck—tra.ctors, and pla,y at the rut™ing plate,’Eth wheel ,

interface. -

4.4.2 Deck planks

* | |
A tranavlérsely motnted extrud;a& alumitiinm pla.hked deck was chosen in this
semi-trailer design since it eiimii;ates the requirement for deck supporting
cross-members and is thus siwpler to mount. The particular self-supporting
deck planks used (vefer Drawing No. DE-05) are rated as being able to carry
a forklift truck of maxirmum 3500 kg gross vehicle mass, (1549

In Section ©.3, this value was checked for a single point load a,pﬁlied on
a degk plank midway between ihe main chassis I-beams (ie. at maximim

span). Section properties for the deck-plank cross-section were evaluated
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for the approximated section of Figure C9. The maximum stetic load (ie.
no dyna:mc acteleration) at the onset of yielding was found to be b 976 Eg,
'wh:ich is far In excess of the front tyre load from a 3 500 kg G'Vi'%fi forklift truck.
For the 2730 kg ISO 1496/1 forklift truck tyre load (refer Section 4.4.1) the «
mazimy VYon Mises stress was calcalated as 118,8 MPa. | '

The greatest stiess in the deck planks due to loads applied ab the side rail, bs
detailed in Section 4.4.1 and Section C2, was found o ocur for the two tyve
loads applied symmetsically about node 11 in Fignse C7. This corresponds
to loadease 2 of Section C%. The maximum load supported at the outer end.
of a gingle d&ck plank ‘at this position cmd under these conditions, was found
to be 393 kg. The maximura Von Mises stress.resultmg from this load ocenrs
at the ektreme fibres of the plank, at the outer edge of the chassis I«be‘;im

flange, and”was found to be 76,22 MPs.

4.4.3 'I‘ors:c Tubes

Torsional twisting of the chassis ‘ladder frame’ structure occurs when the
truck-trailer combina.tion is negotiating uneven ground or when comenng
where there is 2 di\ﬂ'erence in slope between the two intersecting roads. A
fairly high degrqe of torsional rigidity contributes to the prevention of roll
during cornering, whereas a fairly torsionally flexible chassis serves to reduce
the stresses in the frame resulving from any applied ’t.wistiﬁg action. With
this in mind the chassis frame must be so designed as o meet the first of
these two requirements without being unduly stiff.

The twisting action of the chassis is resisted to some extent by the torsional
rigidity of the main chassis I—bezgms but mainly by the torsional rigidity of
the ladder franje’ crs:tssa-rlmenrﬂ:ser:s%s In this design a round tubular section was

selected for these cross-members (torsion tubes) since it is the most efficient
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™~ secii;n in torsion and since tori-f’rional stresses predmna- o te. b
I‘\Tile torsumal and bending stresses developed in the torsion ﬁﬁbes and thie
torsional stress ia the main chassis Fbeams due to twistin, of the chassis
;‘qigructure, are amlyaed in Section C.4 in Appendlx C. This analysis was
' undertaken for the chassis subject tc-a mpresenta.twe angle of twist over the
. 1ength from the king-pin to the centre of r,Le tridem bogm\ This was arrived
at by considering the tyres on one side of the trailer to be parked on a 200
- mm high kerb, whilst the tyres on the other side and all the tyres on the
| tmcs-tra.ctor are resting on Tevel grourd. The angle of twist of the torsion
tubes was then deduced by wewmg the trajler from the side and noting the

. r_elatzve w#:at;m; between the I-beams in that plane. The angle of twist of , -
the I-besmms on the other hand, was obtained by viewing the trailer from the

rear and assuming that the main I-beam webs remain perpendicular to the

deck. The bending moment applied to the ends of the torsion tubes was then

taken to be equal to the resuﬂtxr{g tortional mouuvt induced in the chassis-

I-beams. ﬁ”

Maximum stress in the tofsion tubes was shmi?rn to oceyyr at the ends of the
tubes, immediately adjacent to the welds, at the upper and lower ends of a
vertical major diameter. The magnitude of the resultent Von Mises stress is

42,01 MPa,

4.4.4 Upper couplef structure

The king-pin mounting and associated upper coupler structure (refer Drawing ‘

Na. UC-01) are safety critical portions of the chassis structure. Furthermore,
these components ave subjected to high impact loads resulting from coupling
and uncoupling operations, and from mcaveme_ﬁi; at the king—pin;:’ Sth wheel

interface as a result of wear. For these rensons the upper coupler structure
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was d;esigﬁe_ei tostmgmt design requirements.
’I‘he imnzontal Ioadused n t‘,hl-m1 analysis. of th'e; upper coupler structure { re'fer
Section .5 in Appendn C} was obtdmed from the E&uebjauf Des:gn Daia,
Buok(““ vahmh spemﬁes a :p.mn:mm horizontal load appheél at the king-pin,
once in the life of the se:m-t:aﬂer, oi: 3,5 times the laden GVM. Maximum
\;e;rtical‘load' o the other hand, is equal to the king-pin reaction for the
pseudo-dynamm {Casge 1) loading condition in Section A.2 in Appendnx A.

- E‘urt;her, because of the extreme nature of these loads, they were not congid-

' ered to act smultaneously

* The horizontal load at the king-pin is applied via the"weaxing ring and lock

jaw assembly of the itruck-tractor 5th wheel, and is thus applied relatively

close to the plane of the rubbing plate. Consequently, this load is resisted

largely by the rubbing plate acting as a large shear plate. The upper couplef
cross-members end rubbing plate cross-brace chﬁhnels, especially -those in
close proximity to the king-pin, also help to stiffen the rubbing plate structure
and to transfer the load to the chassis.

In the analysis of the upper coupler support structure in Section C.5, all of
the horizontal king-pin load was assumed to be transferred to the chassis
longitudinals by the two rubbing plate cross-brace channels immediately ad-

jacent to_t.he king-pin, as well as a 732 millimetre wide portion of i:he_ rubbing

plate (vefer Figare C15). The resultant composite beam was loaded over the
width of the ‘Hope' king-pin mounting recess, and was considered to extend

across the width of the trailer, from the inner row of rubbing plate mounting -

bolts in the lower flange of one chassis I-beam to the same row of mounting
bolts in the opposite chassis I-beam, A worst case of simply supported end

fixing conditions was assumed. Furthermore, becanse the shear centre of this

* composite beam struciure can he shown to be slightly below the under sur
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fax:e of the mbhmg plate (ie. mué,h!‘w in line with the 5th wheel wearing ving
and Tock Jaw aasembly), the bemn was. conszdered to be loa.ded in bending o
: aﬁd shear only and tcemwn was secluded, In this s;tmmon, the most failiire ..
critical position was found to be i the centre of the beam, in the heat af
- fected zone adjacent to the outer set of eross-brace channel to xjubbmg plate
welds, where the Von Mises stress was shown i;o be 86 28 MFa.

.'

The vertzcal load on, the upper structure, on the oth r hand, is d:stn?buted"
- over the approximately oval coni;act area between the trﬁck—tractor 5th wheel -

' conphng and the rubbing plate. For a typical 5th wheel, (\“) this contact aren )
extends to a total width of 915 millbnetres (ie. T25 m:ll%meires from the

' centreline of the chassis I-beam webs). In this case thé e;:&;eeted mode of

failure is the development of plastic hinges at the lower end of the chass:s-

: J-beam webs and in the rubbing plate along eac.n side of the 5th wheel con-
tact sren. In Section C.85.2, the vertical load required te. cause.sﬁch failure
was shown to h.e 362280 N, which is 1,93 times greater than the maxmmm
- expected vertical load. | ' -

1,
1

Bearing stresses result at the rubb% plate mauntiﬁ'g bolt 1*101;5 and at the
‘“Hope® anti-jack-knife device mounting bolt holes during h.oﬁzontal loading

" at the kmg-pm Assuming in each case that only eighty percent of the bolts
are bearing at any time, it order to allow for manufacturing inaccuracies,
maximum bearing stress was shown to occur in the mbbing_piate at the
‘Hope’ device mounting bolt holes and was equal to 337,5 MPa. Bearing
stresses at the bolt holes in the ‘Hope’ devme steel foundation plate are dealt
with in Section 4.5.4. |

4.5 Ancillary structure

The term ‘ancillary structure’ is used here to refer to any portion of the

19
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%Im—traller’ structure that is in general non-load bearing structure, except in

ﬂsm&czal cxrcumstanees (eg rear end colhmon in the case «af the Tear bumper iy

ami fo mmor vehaéle mmpouents

0

This section evaluntes and dnscusses the stress analysis of such anc:lla.ry struc~ '

ture as detailed in the analyses of Appendix D.

4:5.—1\‘ Rear under-ride bumper

RO : : B Tl

Duringﬂa fear end collision between a passenger car and a-cbmmerci'al irehiél

the severity of the damage to the vehicles, as well as mjury to the occupanta .

 ofthe passenger car, is very often inercased by the car under-»ndmg u:ite lead
- veh.cle with consequent mtrusxon info the passenger compartment. T];us is
particularly true for trucks and trailers having large rear overhangs behind
- the rearmost a.xle In the case of vehicles with shorter rear overhangs the
relatively large gap between the chassis mmnbers (often in excess of one

rmetrs) will still ellow considerable under-run to occur, especially ia the case

of smaller, GBPIWET pa.ss "Her cars, or those having short bonnets. Further,

reliance on“the res “uost. abt"ie tyres of the truck or trailer to effectively act as

car is drawn into the gap between the'rear tyres and the underside of the
load platform, 2s a result of the rotation of the truck tyres.

In his investigative report into rear under-.ride protectors for commercial

vehicles, Hﬂlman(‘”“) states that, although the mmdence of rear under—nde

. a bumper is inadvisable since, in many cages, the front end of the mpa&ting. '

accidents plays a small but significant part in the a,nnuai road accident i in- .

jury cost in South Africa (both in terms of lives and money), this could be
considerably reduced by iraproving the rear end conspicuity of heavy motor

vehicles, and by fitting some form of rear under-ride proi.ector to them.
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A rear under»m proteciivn bamper, designed t6 meet the specifications of
SABS 1055 - 1083: ‘Rewr under-run pmtection devmes‘ (23} woo fisted to
the rear of this aluminium sexm-trailer, the design of which is detailed in
Section D.2. The bumper extends over the full width of the trailer with the
Bumper bar being 2,3 metres long, and is positioned with the centre line of
the bumper bar §;497 metres above the road surfane. This height was sclected
since it was within the maximum and minimun he:ght limitations of °AP‘%
1055 and conforms clogely to the recommendaticns of H:llma.n s -tudy and
to Europedn standards. The question of rear end conspicuity is dealf mth

in Section 4.8.

With reference to Figure D1 in Appendix D and to SABS 1055, the streagth
requirements for the under-run bumper are such that the device -énd!st offer
ddequate resistance to forees spplied para]lel to the lougﬂ.udmal axis of the
velucle at pointg P1, P2 and P3, the magmtude of these forces bemg

- A herizontal force of 25 kN applied successively to both pmnts Pl and
to point P3.

~ A horizintal feree of 100 kN applied successively to both points P2.

These strength requirements are deemed to be satisfied if it is shown that
both dwrirg and after the application of these forces, the horizontal distance
between the rear of the device and che rearmost extremity of the vehicle
does net exceed 400 mm. This suggests that some degree of deformation of
the bumyp r structure on impact is permissible. This would have the effect
of absorbing a portion of the impact energy, thus reducing the deceleration
forces experienced by the car vccupants. This approach is ;supp01ted by
Hillmen who states that deformation of the undertide protector, on impuct,
up 0 & maximum of 100 mm, is highly desivable and therefore overdesign
should be avoided, |
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From Sestion D.2 of Appendix D the maxinwum Von Mises stress in the |
Lsection bumper ber occurs at the extreme fibres for the f&\'ces at"’f‘_iﬂé;zd is
“equal to 11 0 MPa. The maximum Von Mises siress in the bumper upnghts
is 1174 MP& and thm occurs &t the extreme fibres of the cross-section im-
me&a.tely below th attachsent plate welds for the 100 kN forces applied at
puints P2. Both of these stresses ocour in the heat affected zone nnmed:ately
ad_;acent to welded areas.

As shown on _D;jawimg No. BB:01, the rear under-run bumper was assernbled
25 5 sub-assembly and then bolted to the trailer chassis by means of twelve
M16- Bolts Thds was dose to allow the bumper to be removed for repair
or replacement aiter a rear impact, and to facilitate easier sewxcmg“of the

rearmost axle.
] S
4.5.2 Headboard

The headboard serves to prevent the forward movement of the semi-trailer
payload during braking and must be capal?le of sustaining such loads. A
wide variety of magnitudes and distributions of load on the headboard are
| possible depending on the nature of the payload being sarried and fhe degree.
to which it is strapped down.

" In the analysis of Section D.3, a generalized payload made up of 2 number
of separate layers was used. These layers could be taken to represent, for
example, boards or boxes. The load was considered to cover the full length
and breadth of the deck and to extend to the top of the 4,77 mm cover plate
on the headboard (ie. 765 mm above the deck). This yielded an average
payload density of 1200 kg/m? for the 30000 kg design paarlﬁad. Then, for a
- meximum average braking deceleration of 0,65-g and for an assumed limiting

coefficient of friction of 0,5 between the poyload and the deck and between
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- the mdzv:duai layers of the payload, f.he total foree axerted o1t *he headboam
byht‘le n'th payload la,yer was deduced. 'I‘Iszs showéd that the ver*mal foad
-:Ilst."xhutmn znma.sed !mearly from zero at the deck to & maximum ot 765 man

' above the deck and that the total force exerted on the headboard was §000
kg- The two inner upright members were ’assumed to each support ons-third
oi‘ this total force whilst the outer upnghtﬂ we::e asmmwd fo support one
“wixthof the force '

The x;mst fulure-mtzcal section for the upright members is immediately ad-
jacent to the lmest headboard cI'QSS-member w&lds at the dack level due to "
reduced material strength in the heat affected zone. The resultant Von M:ses

- stress at the extreme fibres for this section was caiculated as 108,6 MP&.

3 q

The ceatre of the three rows of horizontal channel sections on the headboard
was shown to support the largest force (ie. 2400 kg un;hformly distributed
over the full width of the headboard) and was analysed as a contimuous bearn
aupnort?d on four rigid supports. The ma:umum Von Mises stress obtained
was 16,16 MPa at the channel to upright welds for the centre channel section.

This anslysis is to some degree an oversimplification since the supportsa.t
the headboard uprights will deflect under load a.,nd will most likely result in

slightly higher stresses than those caleulated. Howewer, since large margins

of safety were obtained, the analysis was considered pufficient.

The headbonrd is secured to the front end of the main beams and the ffont
end rail by means of twelve M416 boits, and thus may be removed if required.

4.5.3 Landing legs

The stresses in the landing leg mountings and sﬁpport structure are analysed
in Section D4 for various loading conditions. The first of these is referred to
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5 4 2 suppart slem®™) and models a vertical unpact load at the fant of the
landing legs resulting from an unmphng operation where the landiug legs
were not fully extended %o ground level. In the analys:s thig was depicted
mathematically by supeérimposing onto the 1-g uniform load distribution, .
for the semi-trailer supported ai:-_the landing legs and all three axles (refer |
Section 4.3.1 - Case 3 loading), an additional skewed load distribution of
such magnitude as to riou'ble the static landing leg reaction. In drcler‘. to
accomplish this, the ceatroid of the additional load was positioned directly
above the landing ieg Tocation (refer Figure D9). The resultant 2-g slom load P
per leg was shown to be 181448 N (ie. 18496 kg). Thix is somewhat less thut
h the allowable maximum static load of 25000 kg per leg specified Ifor the J oh.?
E340G landing legs®?) (refer Section 2.2.1). The stressey generated in the
main chassis beams for the 2-g supporf slam load are less thun the rtresses
resulting from the psendo-dynamic load gnalysié (refer Section 4.3).

The maximum stresses in the welds of the laxlxding leg mounting bracket,
resulting from the 2-g slam load, occur in the welds attoching the brackes to
the main chassis Ibeam web (refer Drawing No. CH-04), due to the shorter
$otal weld length on that side of the bracket and the additional effect of the
bending morent. " he maximum Vo Mise;'?stress calculated was 84,24 MPa
at the lower end of the weld pattern. i

;
Each lamdxng leg is bolted to its respectwe }
M4, S, 8 grade bolts. For the 2.g slam loaq the avera.gé beating stress and
bolt shear stress were 81,00 MPa and 1179 &)IPa, respectively.

ounﬁmg brackru by 1eans of ten

Iz the analysis, maximum transverse and lengitudinal loads on the landing
legs were limited to 5000 kg per leg in each direction applied at the underside
of the foot (refer Figuce Dlili and Figure D12). Depending on the direction
of application, these forces re.éult in divect tensile or compressive loads being
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applied to the braces. The resultant maximum loads in the bra.ee; were caleu-
lated for the landing legs at half extension and were shown to be & 11341 kg
for the rearward brace and = 9549 kg for the cross brace A.n_v restra;mng

effect ot the landing leg mounting bracket was neglecied. For the braces un- . -

der compression, failure is by column buckling, The allmvéi‘-ble buckling loads
for the rearward and cross braces were shown to be 21 144 kg and 25364
itg respectively. The tensile mode of failure is by overstressing of the brace
end welds. Maxirmum tensile stress in these welds occurs for the rearward
brace and was shown o be 100,7 MPa. The maximum Von Mises stress at
the brace end bolt holes was calculatéd as 434,6 MPa.,

Side loading at the iower ends of the landing legs also causes bending of ﬁe _
hnchng leg cross-member as a result of the tensile and compressive forces
generated at the cross-brace bracket. The maximuim Von Mises stress in this
case was shown to be 9?;,7 MPa. " L

, Two eide operation landing legs were selected; as opposed to single side
operation with a cross tube, since they afford better support on uneven
- ground, as ench leg may be extended by a different amount.

- 4.5.4 Hope anti-jack-kuife device

: In keeping with the criterion of safety adopted in this design, » Hope anti-
jack-knife device {refer Figure 4.2) was fitted to the semi-trailer. The brake
layout Drawing No. PM-01 in Appendix H shows how the device and its
control valve are connected into the trailer brake cireuit, The Hope device
is brought into operation every timne the trailer brakes are operated, by a -
control valve which senses the inerease in sérvice line pressure, and passes a
proportional amount of air fmm the emergency line into the device to squeeze

the clutch discs together. This provides torsional dampmg ad t.he king-pin,
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Expfm!;d :duwmg of Hope antl-jack-knife device.

wo

- Figure 4.2 Hope anti-jack-knife device
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relaf.ed £6 the degree of brake application, slightly before brakmg takes piax:e ,
“through the road wheels.

The concept of the device is not to arrest a jack-knife or trailer swing once
it has started, but rather to prevent the initiation of such an oecurrence.(52) y
This is achieved by providing restraint at the king-pin during braking, thereby |
damping out any would-be tendency of the truck-tractor and semi-trailer

combination to move out of alignment in an uncontrolled manner,

The standard weld on type foundation plate supplied with the I‘Iopsﬂ device
eould obwoualy not be used in this des;gn and there was insufficient space

on the foundation plate to drill the necessary bolt holes for a bolted type
mounting. Furthermore, the device is so desxgned that the combined thick-
ress of rubbing plate and foundation plate must be 28,8 mn + 0,2 mn, The
minimum standard ﬂ_foundation plate thickness available is 15,9 mm, whick
is too thick for use with the 15,88 mm rubbing plate. Hernce, a larger and
thinner {ie. 12,3 mm thick) bolt on type foundation plate, as detailed in
Drawing No. UC-13, was machined for this project. A higher grade of steel
than the En3A steel normélly used by Hope for foundation plates (ie. Iscor
steel ROQ-tuf AD 690 steel - refer Appendix E) was used in order to com-
pensate for the higher than average GVM of the trailer and the fact that
thread stresses resulting frora the devite mounting bolts are higher because
of the reduced foundation plate thickness.

In Section D.5 of Appendix D, the stresses in the foundation plate are checked
for the same horizontal design load and dynamic loading factor, applied at |
the king-pin, as used for the upper coupler analysis of Section 4.4.4 and
Section C.5. No vertical loads are imposed on the ‘Hope’ device as all such
loads at the king-pin are supported directly by the upper coupler structure,
Bearing stresses at the eighteen foundation plate mounting bolt holes were
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shown to be 435,8 MPa. The thread stresses in the foundﬁ.tion plate at the
8 x} inch UNF device mounting bolts were calculated for & factor of safety
of 2. The thread chear stress was 348, MPa, whilst the thread bearing stress
was -378,6 MPa. '

4.6  Axles, suspension and wheels

For the most part the various components of the semi-treiler running gear-
wepe supplied ready to be fitted to che trailer by the sponsoring compunies.
As a result, except for a small amount of work in the design of the suspension
mountings, the majority of the deéign work in this area is concemed with

the selection of the various eomponents and configuration design.
4.6.1 Axles

As previously discussed in Section 4.2.1, because of the maxinmm payload .
criteria in this design, the axles of the tri-axle bogie are of necessity widely
spaced,’ Z_f.‘he use of self-steering or tracking axles for either one or two of the
axles in order to prevent severe tyre seuff, is therefore imperative, For the
axle positions as defined in Figure 4.1 in Section 4.2.1, various self-steering
bogie configuraticns ate possible, viz. |

— Foremost and rearmost serui-trailer axles self-steering. Centre uxle fixed.

- Foremost and centre senyi-trailer axies sélf»steeriﬁug. Rearmost axle fixed.

- Centre and rearmost semi-trailer axles self-steering. Foremost axle fixed.

— Poremost semi-trailer axle seif~ste€ring. Centre and rearmost axles fixed.

~ Rearmost semi-trailer axle self-steering. Foremost and centre axles fived.

Each of the configurations will exhibit different Steeriﬁg characteristics. In ox-

der \a select the most suttable c'i‘onﬁgura,tion and to optimise steering charac-
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Figure 4.3

Semt-trailer tri-a:__:lé bogie self-steering conﬂgumtidn for trailer as built
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tenstzci far the trailer, the stea.d,y state zero-speed tracking response 04‘ each
Lonﬁgura.t:on was anslysed. The various radii associated with the steatiyi
gero-speed tutning of the s{:eermg couﬁguratmn for the trailer as bmlt are
shown in Figure 4.3.

' . : o

The six axles of the truck-tractor and semi-trafler com'}_)ina.ﬁon are designated
axles one to six, starting at the steering axle of the truck tractor. The truck-
tractor wheelbase (W B), front axle track (Ty) and Bfth wheel posatzon (D)

are average values for the truck-tactors analysed in Appendix G.

For the truck-tractor, by Pythm:

ry=fri, —WBI-Tyf2 o K

wheze 7y, is defined as the turning radius for the combination. The turning

radius is measured to -the cemire of the footprint of the outboard si_:eéring
axle Fyre of the truck tractor. -' )

2T

Similgxly: |

ry = VTWER

For the trailer, considering the tziangi;s (WS try:rg) and (Dx STy re)
vy =714 D2~ Ws?

The maximmum off-trécking dimension of the combina';'.tion for thié steering

{:onﬁgma.tinn is then defined as: .

i
OT =ys—r,
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The articulation angle, which is the angle between the longitudinal cextre-

tines of the tinck-tractor and the sexi-trailer, is then determined from: _

and

"The maximum required tracking angle at the semi-trailer Belf-steermg axles,
will be at the inboard tyre of both axles four and six and is determined from

the equation: .

e

Similar analyses were also completed fo;- the'reniaining four steering config-
urations cited above. The relationships between the turning radius and the
maxisoum required tracking angle, the articulation angle and the off-tracking
dimension for each of these stéefing configurations are shown in _Graph 4.39
to Graph 4.41. ' -

i
L

The maxironm tracking angle that can be achieved with be FIA self-steering
axles as fitted to the trailer, iv 14 degrees. From Graph :4':'.39, the mini-
mum turning circle for this tracking angle iz atteined with axles four and

stx tracking, and is equal to 16,047 metres. Furtherniore, Regulation 92 of |
the Transvaal Road ‘Traffic Regulations(®) requires that the full combination .

be able to turn with a turning radius of 13,1 metres. For axles four and six

tracking, this requires 2 maximwm tracking angle at the inboard self-steering
tyres of 22,7 degrees. A certain amount of tyve scuff when cornering
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Graph 4.39 'l'urnmg radius versus maximum required tracking angle for various
semi-trailer steering configurations
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Grapk 4.41 Turning radius versus oﬁ-traci:ing dimension for various
semi-trailer steering configurations

1

)

. ® - KUES 4 AND 6 TRALKING / AXLE § FID

B ~ WLES 4 A S TRACKKG / ARE € FIXGED
o ~ AXES 5 AND 6 TR... TG # ALE 4 FIXED
x - MLE & TRACKING / AXLES 5 A0 € FIXED
& - JME & TRACKING 7 ARLES 4 AMD S FIXED

L } L

5000

10000

1S000 . 20000 25000 38000 35000

Turalfag radles (nn)

- LT N



+

se;uereljé is thus unavoidable, but is however, less for this configuration than

the amount of tyre scuff that results at the foremost and rearmost axles of

a standard closely spaced triden bogie with fived axles (typically 1360 mm

axle spacing) at the same wheelbase and iv a similar turn. For these reasons
the trailer steering configuration as presented in Figure 4.3 was ‘adopted

in this design. The aticulation angle and the degree of off-tracking are

sreater for this configuration ut all turning radii than for axles five and six,
or axle six only, tracking (refer Graphs 4.40 and 4.41), but are no wosse than
the generally accepted values obtained for semi-trailers with fixed bogies ut
approxivately 9 metre wheelbase. .

The sieering configuration in which only axle six is tracking, wag also pon-

sidered since only one salf~éteering axle is required and cen;seqﬁen‘blyr costs

“would be lowered. Also, as already ‘mentioned, the off-tracking dimension’

ie veduced due to the slightiy shof!__:er effective steering wheelbase. However,

the furning radius for the maximum allowable tracking angle of 14 degrees at -

axle six (no seufl) is 19,805 metres, fvhic_h_ is 23,4 percent more than for axles

four and six tracking. As well as this, the degree of tyre scuff that results for

a turning radius of 13,1 wetres is greater than for a closely spaced fixed axle

triden bogie at the same wheelbase,

When the semi-trailer is travelling forward, the FIA self-steering axles s:tééi'
by means of & castor action. Consequenth,};, when the truiler s being reversed
it is necessary to lock the trailing arms of the steering axles in the central
position. This is accemplished by means of a pnevmatically operated locking
pin which is activated from the cab of the truck-tractor. The locking pin
cylinder is mounted on the axle beam and engages in a hole in a plate welded

{o the tie bar which connécts the two trailing arms (Photo, 5.6?).

At speed, and especially on rough road surfaces, theté is & tendency for the
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trailing arms of the self-steenng axles to oscillate from sade o s ﬁie In order
to prevent this from ha.ppemng an air sprmg damper is moumed between
the axle bear: and the tie bar (Photo, 5.68). The air pressure in the damper
can be switched between two pressure settings, in order to cater for lightly

(25 psi/1,72 bar) aud heavily (50 psi/3,45 bar) loaded conditions.

The auxiliary pneuma,tic“ civeuit which supplies the compressed air for and
controls the axle locking pin and restraining bellows, is presemted in Draw-
ing No. PM-03 in Appendix H. Supply sir is received from the suspeniion
c¢ircuit through a non-return protection valve into a 15 £ resesvoir, When
energised the solenoid vaive on the locking pin eylinder lue opens. and al-
Iows the compressed air to engage the lockmg pin. Upon removal of the air
presstire, the lucking pin is disengaged by the cylinder return spring. In this
way failure of either the electrxcal systi&m or the supply of compressed air
to the drcuit will ensure that the locklng pm remains dmsen,gaged On the
air spring damner gide of the circuit, with the solenoid valve closed {non-
energlzed), the compressed air flows through the 25 psi regulator to the
restraining dampers. When the solenoid valve is energized, compressed air is
sllowed to flow through the 50 psi regulator to the restrairing dampers, and
the higher back pressure against the 25 psi regu?&tm causes that regulator

to remain closed.

Green polyarnide plastic tubing is used throughout on the aulelary pneu-

muatic eireuit for easy identification.
4.6.2 Suspension

An air suspension was selectecl in {'.hls design project because of 11'.3 saperior
load equalisation characteristics in companson with corventional leafuspnng

suspensions. As 'discussed in Section 2.2, the efficiency of the suspension
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“Joad equalisation systers is particularly important for a wide spaced tri-axle

suspension. A further reascn for selecting an air stispension is that it is more
easily applied to the wide spaced tri-axle configuration. This is because the
only connection betwesn adjacent axles is a paeumatic sir line, ‘whereas in
the case of a wide spaced leaf.spring suspension, long tie bars are required
bebween the load equatisation rockess of adjarent axles,

The Fruchaaf T sir suspension, as Stted to the trailer, employs a single
levelling valve which is motmted on the chassis above the centre axle. The
suspens;on ride height is sensed relative to the centre axle by me: ans of a
short tie bar conmected between the lever arm of the valve and the ce_'e e
axle. The length of tle tie bar can be adjusted to var*r %‘1&. suspension bide
height. In this case: the ride height was set at 514 rz:le m.s (mer D; amn;,

No. §5-01 in Appezidzx H)

Vo i}
t

The Iévelling valve sig.pplies air to all six air bags, and hence, only vertieal

springing is undertak&n by the air springs. Roll stiffness is providedl by the
. torsional rigidity of._th_é suspension trailing arms. This system is superior to
using two levelling valves (ie. one for each side of the trailer) since a pune-
tured air bag will cause the trailer to setile on the rubber back-up buffers,
rather than tip to one side.

The pneumatic civeuitry for the sir suspension is supplied with compressed
air from the semi--traiier emergency line via a dual cireutt charging valve (tefer -
Drawing Nos. PM-01 and PM<02 in Appendix H). This valve distributes the
compregsed air to the suspension: and brake 'circuits and ensures that if one
of these cireuits fuils, the air supply to the other intact cizeuit is maintained
(also refer Section 4.7.1).

[

Black polyamide plastic tubing is used throughout for the suspension pnen-
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matic cirenitry to facilitate easy identification and servicing,
4.6.3 Wheels and tyres

Michelin 16.5 R 22.5 ‘Double X* (PR 20) tubsless radial super single tyves
mounted on une piece 22.5 x 13.0 inch, 15 degree drénp centre rims, were
selected for el three tl;aile: axles, These tyres are capable of axle loads .
of up to 16300 kg =t 8,5 bar inﬂatidrg pressure, 89 but are limited to' a
raaximurs ‘axle load of 7700 kg by road regulation restrictions.® This is
however sufficient for the design axle loads as shown in Figure 4.1, Section
'4.2.1, albeit with the load centre 50 mm forward of the centre of the trailer
“Jeck. The recommended inflation presswe for the 7700 kg axle load is B,y
bar. (58 ' , E

The primary rensons for selecting super single tyres in this démgn were, firstly
that super single tyres with single piece ricis are lighter th}};n conveﬁtiong:l
dual tyre fitments (often in excess of 100 kg per axle). Secondly, the wider
axle track gnd spring centres achievable with super single tyres signiticantly -
mcreasea the roll stability of the t1¢1ler -

‘|
O{her advantages of super single tyre fitients are less rolling resistance and
therefore reduced fuel consumption, batter ventilation of brake drums and
the fact that the safety of other road usets is enhanced since the dang;el of

stunes becoming trapped i'-etween dual tyreb is elmnnated

| Finally, to further ensure the sufety of the occupan{.s of "vehmles trave-lhng
behind the semi-trailer, two hesvy duty anti-spray fubber mudflaps were-
fitted jmmediately behind the rearmost set of tyres.

|
i
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4.7 Braking system

The serni-trailer braking sfstem ad_c;pted in this design project acts on all
three axles and is classified as a single-circuit, dusl-line, compressed-air trailer
power brake system. The classification of single-circuit refers to the fact 'Eh‘c’_i_f.;
the breking energy is transmitted to all the brakes on the trailer thral.;gh‘_
one single transmission o civeuit, and hence, should a defect occur at any
point within that circuit, the entzre trailer brake system will be aﬂ'ected
Dual-line indicates that the semi-trailer is connected to the truck-tractor 1 by
two lines; one supply line (emergency line) and one brake line (service line).
Compressed air is supplied to the trailer at a maximum operating pressure
of 6,5, bar which results m the system being classified as low pressure (ie.
less than 10 .‘b'ar). The term power brake system indicates that the vehicle
is braked exclusively by an external fome“ (fe. compressed air) and that the
muscle power of the driver serves omly to control the system and cannot

generate Aty brakmg foree shoulcl there be a total }.mergy failure.

The pﬂe’tmlai-‘.i(':.cirmﬁt diagrams for the brake system and agsoéiated sys-
tems (ie. Hope anit-jack-knife device, suspension andlﬁamdliarg%‘ circuits) are
pmSented in Drawing Serles PM-01 to PM-03 in Appendix H. Section 4 71
discusses the operation of the trailer bralnng syatem, whilst the operation
of the Hope device cirevit and the operation of the suspension and auxiliary

circuits are discussed in Soctions 4,6.4 and 4.6, respéctively.

The semi-trailer bralﬁrig sysiﬁem is designed to meet‘therrequirementn of
the specsﬁcatlon SABS §V 10..;1-198(} ‘“Motor vehicle safety speclﬁca.tzon for
brakmg (24) This specification covers the mandatory requirements for the
performance of the braking devices and systems of motor vehicles and their
trailers or semi-trailers designed for use on public roads. In this report only

those requirements pertaining directly to semi-trailers having a ‘maximum
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" mass exceeding 10 tonnes (le, category 04 vehicles) are addressed. Sections
472 to 4.7.3' discuss sach requirement individua.l]y, whilst the actual desipn
and compatibility caleulations are presented in Appendix F.

4.7.1 Brake system operation

The semni-trailer brake system (refer Drawing No. PM-01 in Appendix H)
is comprised of three equipment groups. The compressed air supply stores
compressed air received from the truck-tractor and supplies it to the brake

system. The service brake syster regulates the transmission of compressed

air to the wheel brake cylinders of all axles in sccordance with.the pressure

applied to the service brake line from the truck-tractor. The parking brake

system controls the supﬁly of compressed air to apply or relesse the spring ‘

brake cylinder actuated parking brake.

All of the 12 ram OD x 1,5 mm wall non-reinforced polyamide tube nsed in
the brake system is colour coded for eas} identification. The air supply and
_ parking brake systems (also called the emergency system) are constructed
using red tubing whilst the tubing of the service brake system is yellow,
White, black, and gme:n tubing is used for the Hope Mw, cuspension and
awxiliary circuits réspectively (vefer Sections 4.5.4 and 4.6). Where o fairly
high degree of fexibility is required (ie. between the chassis and the axles),

11 mm bore rupberlbrake hose is used.

Schifer plug type commections together with Schifer adaptors, elbows and
tees ace used to connect the polyamide tubing to the various circuit compo-

nents in all of the pneumatic cireuits.
Compressed air supply

With the semi-trailer hitched up, compressed air (at approximately €50 KPa
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gauge) fows from the ;‘._;*uck-tractor through the emergehcyl Eﬁup]_mg head.
and through the line filter into the coipressed air supply system. The line

filter, which .cleans the supply air, is mounted in the circuit in such a way
(fitting 2 inlet) that it will open in the event of clogging, thus ensuriny that

the brake system will re:?a.in opei:a:i.:iona] at all times.

The dual eircuit cha:fgng valve distributes the compressed air between the
bruke system reservoirs and the suspenéion syqtém., and ensures that #f cne
of these circuits should fail, the air supply to the other ﬁndamaged cireuit is
maintained, The charging valve also safeguards the pressure in both circuits
and allows 2 limited retura flow of air (ie. down to aset closing pressuze) from
the suspension cireuit to the brake circuif, should the air supply to the semi-
trailer fail. No return flow is allowed from the brake cireuit to the suspension
cireuif. In this way the suspension system reservoir is able to ﬁss&st with the
supply of air to the brake ¢i- it ﬁnder such emergency conditions, whilst still
meintaining sufficient pressure in the suspension circuit for the air springs to

support the load. -

From the charging valve the cumpressed aie flows to the two brake reservoirs, .
where it is stored. A manually aperated drain valve is ftied to ench reservoir
for d;aining condensation water, and the rearmost reservoir is also fitted wit};
a tyre inflator connection. This connection cin also be used to charge the
trailer brake system from an external source of compressed air in order to

save diesel costs at the truck-tractor.

Under normal driving conditions the supply air also flows through the .parking
brake v alve and the double check valve into the spring brake cylinders, whilst

the air line between the doutle check valve and the manoeuvnng valve is

exhausted. In the spring-brake cylinder the compressed air act.s against a -

diaphragm to cmmpress the parkxng brake spring, thereby maintaining the

- " 184



whieel brakes in the released pasition. If the supply line is exhausted as o
result of the trailer breaking away, or if the pressure in the supply line drops
dra.stmally a8 & result of & leak, then the springs in the s)!pnng brake eylinders
-will apply the wheel brakes on all three axles, thus automatically causing the
trailer to brake. |

Service brake system

.When the driver in the truck-tractor actuates the service Brake, a braking
signal in the form of a pressure rise proportional to the degree of brake pedal
depression, is transmitted thr( sgh the service coupling and hne filter mto

the semi-trailer service brake s-ystem

The autt;matic load sensing valve regula{:es thé brake presaux"e transmi_ﬁted to
the service brake chambers as a function of suspension air bag pressure, and
consequently as a function of the loading condition of the trailer. This con~
siderably lessens the possibility of wheel lock-up under emergency braking,
especially when the trailer is unladen or hghtly laden. The valve is adjusted
to yield the required pressure ratios fbr,,jt.he unladen and legal loaded condi-
tions relative to the i:orrequnding suspension air bag pressures, by means ef
adjusting screws (refer Section 4.7.3).

A relay valve positioned above each axle accelerates the admission to and
removal of air from the brake c'ylmders Upon recéiving the braling pressure
signal from the load sensing valve, the first relay valve directs large qnant.p;
ties of campressed air from the adjacent reservoir to the brake chambers of
the first axle, as well as accelerating the transmmmon of the braking signal
towards the rear of the trailer. The second and thlrd relay valves, in turn,
receive the braking signal and direct large quantities of compressed air to
the second and third saxle brake chamliers respectively from the second brake
system reservoir. The; two reservoirs are positidned as close as possible to "
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the relsy valves in drder to ensure the rapid admission of air to the brake -

chambexs, and hence, the minimum time delay between the initiation of the
serviee brake signal by the driver and the appkca,tmn of the wheel brales.

When the brake signal is removed the mpressed air in the service braLe,

cylinders is exhausted through the relay valves, i : )

Test points ars provided st various points in the cireuit i order to'facilitate

time response testing of the system.,
Parking brake sysicm

With the trailer coupled, operation of the parking brake valve in the truck.

tractor causes comnpressed air at the maximum operating pressure (ie. ap-

proximately 650 KPa) to be directe ] to the service coupling of the eexm

tra:nler The trailer service brake system is hence triggered both when the :

service brake as well as the parkmg brake of the truck-tractor are operat@d
. When the vehlcle is stationary, the spring brake operated pa,rhﬂg brakes

of the smni—trailei' cen be applied on their vwn or in addition to the seivice

_brake parking brakes by operating the trailer park brake valve. This exbausts
the supply line between the park brake valve and the spnng brake chambers,
thus releasing the pa,rlqng brake springs to apply the wheel brakes.

ol

When the trailer is unomii;led, the recultent drop in pressure in the suﬁ-
ply line, and hence in the spring brake chambers, automatically causes the
spring brake parking brakes to be applied. ¥ required, and providing theré
is suffident compressed air remaining in the brake system reservoirs, the
spring brakes can be relensed by operating the mmﬁoeuvﬁng walve and al-
lowing compreséed air to flow via the douhle check valve to the spring brake
chambers, .. -
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4.7.2 Service braking perfor:imnce o _ :

Fhe total available braking force at the road wheels of the semi-trailer is
caleulated in Section F.2 of Appendix F, in order to assess the perfbrmance
of the breking system.

The braking force is caleulated for a maximum service line pressure, ﬁueaswed
at the trailer coupling head, of 660 KPa (gauge). This is an average value
for the majority of the truck-tractors on the market at present.(3:54) The
threshold pressure, also measured at the coupling head of the semi-trailer,
and which is defined as that small amount «¥ alx pressure required to initiate
braking ab the road wheels, i assumed to be 50 KPa. This accounts for the
‘smnall amotut of pressure required in the service brake chambers to bring
the brake shoes into contact with the brake drum before any braking takes
place, and any pressure lossss in the air lines and valves of the service brake
system between the coupling head and the brake cha.;l\lbers. In actual ;;ractice
botl of these components of the coupling head threshold pressure will, at
any particular timne, be dependent [ the prevailing service line pressure
and the load semsing valve ratio. However, no reliable information wj'ith
regard fo the cam-shaft threshold torque required for the Henred Fruehauof
420 x 160 mm foﬁndation brake, or of the expected losses in any of the valves
used, was available to the author. For this reason, and in keeping with current
industry practice,(®%%) a constant threshold pressure was decided upon. Such
an assumption will not significantly affect the accuracy of the compatibilily

calculation.

The maximum useful brake chamber pressure, 1s hence, 600 KPa. For this
pressure, the maximura total available braking force for the foll trailer is
shown to be greater than 45 percent of the maximum weight borae by the

wheels of the {railer when stationary. The minimum performance require-
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ments of SABS SV 1051:198004) for the trailer service braking svstem are

" thus exceeded and an cverload of approximately 3000 kg per axle is allowed

for. Such an allowance for overloading is appropna.te when it § s bome in mind

that a large proportion of the semi-trailess on South Afncan roa.ds at’ present .

are overloaded to some degree. The average overload on a semi-trdiler wis

estimated during 1984 by the Automotive Engineering Division of the South

Afriern Bureau of Standards to be in the region of 6000 kg per i;:ehicle.(s‘ﬂ |

4.7.3 Braking compatxblhty of the truck-tractor and \ 1w:.'m-i-.rallta-lze'

U

combmatmn

In order to ensure the safe braking perfqrmancé,'particulaﬁy on road sur-
faces witich have reduced édhesion, aid +he braking compatibility between

. the semptrmler and the drawing vehicle, laden and unladen compatxb:hty

. curves were constructed in Section F. 3 of Appendix F, in accor&ance mth

the :r:eqmremen s of SABS SV 1051 1980 - Part V124

The actual weight dnstnbutmn for the semi-trailer { refer Figure 2.1, Chap- '

ter 2) is used in the corpatibility cur\re ca.lculatmns and in subsequent brake
system caleulations, although the des@ weight distribution (refer Flgure 4.1,

Chapter 4} was used during initial dealgn stages to size brake system compo-

nents. This is in accordance with current industry practice and is necessary

for the accurate determination of load sensing valve settings.

e

Load sensing vatios of 1,2 and 2,7 were selecte&\_\for the legal laden and unladen
conditions, respectively. In the legal laden condition {je. maximum legal

payload), the load sensing valve ratio of greater than umty a.llows a facmr of

safety in the event of the frailer being overloaded.

138

f(- 'hr"'a



L . .

0 o ; - ! ) - s
G - _ 1 :
\_- - ‘1

. The laden ami uniaden campatablhty cnrves are preseﬁbed in Graphm F1 and
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41& Lights, retraﬁ;-eﬂectorq am_l electrical system_

Thr: positions oi the various fights and retro-raﬂectors Htted to the semi- '. '

trader are as detaled in Drawing Nos. GA-01 ‘and EL-01.. In eac:h case the

. selection of the type i 9f light or ’fetmreﬁector, in terms of 11;5 mec,hamcal |

characteristics (eg. angles of directional ws:b:hty, Ett. } and its pm;:tmmngﬂ
on the trailer chassxs, was determined relative to SABS 8V 10486: 1980 ‘Mntm'

vehicle safoty spec;ﬁca.*mn for hqhﬁ\smg’“’s] and the Rnad Traffic Ord.nance e

“and Reglﬂa.tmns of the 'I&'ansv{(aal.(s?

.,'*' ('1_

. Three stop/position hghts as:m i.w eﬁ::éc{.xm '“a;iicﬁtof lights were wbed oﬁ
each side at the r Sear of the traaier foir :beasoﬁs uf mc:mxsed vlsxblhty and safety,
The use of multxple lights aleo ensures Lhm. m the event -af t]m fualure of one
of the globes, the trailer rear mdzm.tor hghts will remain mlly orserational.

Twe white reverse hghi:s and a reverse h.azzer were also fitbed at the réar of °

" the trmler to asa:st the drivir when rcversmg, and to warn other rqad users
that the veh1de is reversing or about to reverse.

Six amber combination direction indicator and side marker lights, as well as
six amber retro-reflectors were fitted down either side of the ser'rli;(ﬁr";xiler.-_-{ﬁhe
purpose of the dire stion indicator lights is to indictte the driirér:s intentions

to pedestrians or other road users positioned to tie side of the truck/trater-

combinativn, The :émber retro-reflectors and side marker 1ig1~+.s serve to

ensure that the presence anid length of the vehicle, - hen viewed from the

side, will be readily visible at night.

!
‘- . " ’.\
Thirteen rectungular red retro-reflectors were fitted at the rear of the sermi-
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trailér. Eleveh of these were mounted horizontally to form a chevron pattern

aver the full width of the chevron bom"él and one was mounted verticslly at

each end of the chevron board, to indicate the mdth of the trmler A wlute_

retro-reflector was mounted on ¢ither front vorner of the tra;ler, on'the lower
| ends of the beadboard outer upughi;s ‘

i

The electrical wiring dzabram for the seni-trailer iy detailed in D-'amng No.

EI-01 (refer Appendix H) together with a full list of all of the lights and

electrical components used on the semi-trailer. As mdmated in the dmmng,

all of the lights at the resr of the veliicle, the reverse buzzer, the reavmust
set of side direction z;ndxcator and marlear lights, us well as 1‘:]1@ o aolenm_u

valves of the steering axle prnenmatic control cirenit, are powered vin ' seven-

core cable running down the centre of the trailer chassis. The remaining

- side marl:er and the direction indicathr lights ore powered by aitwo core ¢

. cable runmng dow:z cither side of the vehicle. These three supply cables
3011.'1 together above the rubbing plate and are cnupled. to the truck-tractor

~ electrical system via two electucal suzies,
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CHAPTER 5
SEMI-TRAILER CONSTRUCTION -
5.1 General. |

‘Construction work on the alum:mum semi-trailer began Iate in Yanmary 1984
with the fabrication of comnponents at the Usivers mn 5 M#&wcd Engiticer- -
ing Laboratory workshops ‘and at Afrox Ltd in Germ:stoai The ‘majority
of plate components, especially thick plate, were plas ma, arc profile cut at
Aftox, whilst thin plate (ie. less than 5 mm thick) and all aluminium extru-
sions, were ctit to size and machzned or formed as required st the Mectanical |
Engiveeting La.boratoz:r mrkshops Over the ensuing months‘ the fam“zca—
tion a{ the various cotnponents wWas scimduied to mncade th.h hhe order of

oonsurucfmn of vhe trailer assemblxes

" 'The foﬂwmg seatxons dlscuss the significant steps in all subsequerit phases
of Lonstruutlon of the sezmd‘.raﬁﬂr Urless otherwise stated, the order of
presentation of these sub—se..tions follow:a in general the order of sesembly.

Liberal use of photographs is made throughout the chdpter for the purpose

of illustratin,-

The chapter starts with a discussion of the aluminium welding process and
equipment employed before going on 4o the construction of the senn-—txaller
ituelf. ' '

5.2 Aluminiom welding
Photogra,bhs 8.1 and 5.2 show the metal inert ga,ls (MIG) welding equip-

ment used in the constﬂructibn of the aluminium semi-trailer chassis and sib-
structure.
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The detaiied équipmerﬁt apeciﬁuaﬁoné are as follows:

_ Cloos’ shiclded aré antomatic MIG welding machine
(Type GLC 353 P4y, _ R |

~ Cloos’ wire feec‘-ing"deviée (Type CK 11/4). _

- ‘Messer Gneshe:m push/pull motor hand weidmg torch.- . :

~ 1.2 mm ﬁller wire dlameter

- Argon shleklmg gas.

Photograph 5.1 ‘Cloos® shielded arc automatic MIG welding ma-
chine (Typs GLC 353 PA) " "

The MIG welding process was selected in this project mainly becanse of
the high welding speeds attuinable relative t» other processes swtable for
- aluminium weldmg This contsibited to a faster rate af construction

ol
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Photograph 8.2 ‘Messer Griesheim’ motor hand welding "‘tgrch

and ‘Cloos’ wire feeding device

and helped to keep costs to a minimum. Somws further advantages of the -

MIG welding process that were consideredl,@a;fé the lower overall heat input
(due to the higher welding speeds) than, for example, tungstéh inert gas
walding (T1G), thereby minimising distortion in critiéal areas, and the suit-
ability of the process to the rangs of material thicknesses used in the trailer

construction, 57:58)

The combinations of parent alloys welded and the filler alloys ased in each
case are presented in Section B.2 of Appendix E.

Cleaning of the aluminium alloy material, both before and after welding,
was accomplished using a stainless steel wire 'é)rush. Wheré it was necessary
for welds to be dressed smooth these were ground usmg non-carborundum
grinding discs.
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5.3 Counstruction of the aluuﬂﬁium'chassia.st;uc‘tufé and
associated sub-struciure _ o - 0

Constructmn of the aluminium semi-trailer chussis itself commmwed 2t In-

dustnal Research and Development {Pty) Ltd in Boksburg Nmm ciunn,g”

Work began on the main chassis I-beams thh tiie beams being chn.mferrﬂrl
at the froni to receive the rubbing plate lead—m {zefer Photo 5.3). The two
beams were also cut atcurately to length at this stage (refer Drawing No.
CH-04) since they were supplied margma?ilv over-length by fchweizerische

_ Aluminiwin AG (Alusuisse).

i
i

Photograph 5.3  Chamfer at front of chassis I-beams for rubbing

plate lead-in
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| Both chassis beams were then laid on their sides and the bolt holesnlti) receive
the torsibn : tube and suspension mounting flange bolts were d.rilled (x:éfer
Photo. 5.4 a.nd P.u.,to 5.5). A magnetm base pillar c‘{nll mointed on a 12
i thick m:l& ateel plate platform (rd‘er Drawmg No. .TG-UIJ, which was
gmc'led on aud camped .to the I-beam Hanges,. wﬁs used fot‘ thm purpe';e.
 Two disgonally opposite holes in each bolt pattern were marked putunn the
Ibeam web and drilled first. 'The flanges were then bolted i place and
the remaining holes drilled using the mounting fanges as templutes. The
landing leg mounting bracket und rearward brace bracket (vefer Photo 5.6
and Photo. 5.7) were also assembled at this time and welded, togethet with

a0

the r.ar fange extensions, onto the beas.

Photograph 5.4 Drilling of t.ofsian tube and suspension
mounting bolt holes |
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Photograph 5.5

Magnetic * pillar duil! on drilling platform

Photograph 5.6

Landing les moutiting bracket
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Photograﬁb 5.7 Landing leg rearward brice bracket -

i
[

ik

i ) s

[

The torsion t.ﬁses were then assembled onto the méin f-beams to construct

the basic ladder’ frame ¢hassis. ‘This was a,ccomphshe'i by standing the 160

millimetre dmeteh tubes on end on their reapectwe ﬂ’angel with the first -
Lbheam lymg on its ou*;er side (refer Photo. 5. ). The tubes 'were then tacked
to the flanges as shown-‘_-_m Photo. 5 5.9, Perpendxclﬂamty was ensured gince

the tubes were cut .accuré;itns?ly square and to. length.
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Photograph 5.8 Assembly of torsion tubes onto first

chassis I-beam

Photograph 5.9 Torsion tube tacked to flange
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The second I-bearn whs then lowered into position using the overhead crane
and the tubds tacked to the upper flanges. The landing leg cross-metber
flanges were then bolted mto the mounting brackets and the landing leg
cioss-member tacked in position (refer Phato. 5.10 and Photo. 5.11). The
 Jower ends of the torsion tubes and landing leg cmss-memher could then be
fully welded in ihis position after cleaning (refer Phota 5.12). The frame '
was tumed over onto the sther beam to compiete the welding.

Photograph 5,10 . Sectmd chassis I-beam assembleci onto torsmn

" tubes D o \

i
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Photograph 5.12  Torsion tube cleaned and ready for welding to
flange '
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This completed, the frame was limered to stand an the underside of the two:

main F-beams and the centre portio::g\o{}-the mar end rail welgled in position,

" -._‘

‘With the suspension mmmtmg ﬂangqs; bolted to the main I-beam webs the
suspension mounting jigs for both Lﬁ hanger and air bag posxtmns were
clamped in place at the foremost. aMe nosjtion. The_ suspension hanger ard
air bag mount components and cross-member were then assemibled onto the
jigs and tacked i1 position (vefer Photo. 5.13and Photo. 5.14), Note theweld
prepurations which have been ground on th”é edges of the various co'mpénenté'
The outer tee‘gussets were fully welded, however, before being tackﬂd in-
place. Both mountings were then fully weldeﬁ, except for those areas whe:'e N
welding was required fmm underneath, before the jigs were removed ‘This
was done in order to mmmuse we' “ag distortion. The tee-gussets and the
suspension mount a.ssembhes were pre-heated before welding to ensure good
weld penetration and to further reduce weldmg distortion (refer Photo. §.15).

‘This process was then repeated for the centre and rearmost axle mountmgs

(vefer Photo. 5.16). Finally, the jigs were removed and the welds cleaned

end ground {vefer Photo. 5._|].7 to Photo. 5.19). - T’
y

;

X

7
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Photograph 5.132 Forewmost axle suspension hanger mounting outer

bracket compounents assembled oxto welding Jig

Photograph 5.. | Foremost axle stspension hanger mounting cuter
bracket components tacked into position
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Photograph 5.15  Pre-heating of suspension mounting compo-
nents before welding

o

& Photograph 5.16 Rearmost axle suspension air bag mounting

cross-member components assembled onto welding jig
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Photograph 5.17 Rearmost axle suspension hanger and air bag

mounting cross-members

Photograph 5.18 Suspension hanger mounting cross-member
assembly after cleaning and grinding of welds
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th‘r m.‘graph fi 41.9

Suspensmn air bag mountmg cmter lracke@
‘\.-. |
after cleanmg and grmdmg of welds ) : o

:\J
{

\

i
l'.

" The lower ﬂanges of the upper ceupler croas«msembers were nt@w mt\ ified to !"

step over the lower flange of the m&m Lbestns (refer Iﬁr&n&ng‘q .

No. UC-08), and the cross-menibers glid ipto pomtzqm ﬁ‘dmf“v the iont of
the irailer and tacked. Thereaft.er, the frtmt plate, froi;t piate gussets and
rubbing plate lead-in were sssembled. These were then weldﬁd . along with |

- the upper coupler cross-»members, where paé s"pble from above (refer Phbfo

5.20)

H
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Photogri%,ph 5.20

Upper coupler cross-member welded to chassis
I-beam ;5 . "
: i

AF this pmﬂt the chassis was turned over in order to complete the welding

on the undé'fc-nde of the suspension mounts, rear end rail and upper couplsr

reg:cm (ie. osh the underside of the cmss-members and the weld between the
front plute a‘n‘d the rubbing plate lead-in) (refer Photo. 5. 21 and Photo.
5.22). L
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Photograph 5.21  Chassis turned over to complete welding on

underside of upper coupler assembly

Photograph 5.22 Chassis turnes over to complete welding on
underside of suspension mounts, ete,
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With the trailer chassis still inverted, the rubbing plate was assembled and

fitted to the chassis. First of 511, t}}e rubbing plate cn;ss braces and longi-
tudinal braces were welded to i'.he rubbing plate. Alt}ibugh cate was taken

to minimise distortion of the rubbing plaﬁe as & result of the welding of the - '.

longitudinal and cmsa«bra.c:es (ie. by pm-hea.hng and clamping the rubbiog

plate flat) a certain amount of dmtortm did oceur and the mbb.no plate . -
had to be pressed flat_before bemg ﬁtte&. The moantmg bolt holes were

then drilled through the main [-beam ﬂanges anii the upper coupier cross-
memhers This was dane by claraping the rubbmg plate assembly in position
and dnlhnc through the previously drilied snd countersunk holes in the rub-

| bing: plate In this way exagh. Iaca.tmn of the bo‘t. holes was ensured The

- chassis was then returnad to the upright pomtmn

The dﬂi;;‘igaﬁr ﬂmlzges were now clamped into a jig (refer Photo. 5.23) aad
welded to the 100 mm square tube outriggers. Jig welding with pre-heating
waé employed to limit welding distoftion since the angle betweeri the tube

and the ﬂénge was importﬁnt to ensure the cofre.ct height location of the
side rail relative to the main I—bea.ms The design of the jig-was such that it
accoramodated both the deep sectmn 0utnggers and the four degree tapered

bectmn outrsgger BEach outrigger was then assembled onto the chassis (refer

Photo 5.24).
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Photograph §.23  Assembly and,_wel{:ling jig for outriggers

!
;

Photograph 5.24 lour degree tapered section outriggers

assembled onto chassis I-beams

159



This completed the outer portions of the front, and rt ‘SI 1ai.s and the | ,
upper coupler outnggers were tacked mto posﬂ::on anc} the ame mﬂs ta.cked
- to the outrzggers and snd ra.us (reﬁr Photo 5.25 to 5.28). .

Photograph 5,28 Uppér coupler outrigger *acked to

ch&_ééié f-beam |,
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Photograph 5.27

Side rails positioned and tacked to outriggers
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g -
Photograph 5.28; Quter portions of rear end rails posfti;r:iéd and
F . . . o -
tacked to side rails ) _ -
The side rail structure was then fully welded aftez: ensurmg tha.t it was prop~
" exly straight and level (refer Photo. 5. 29 and 5. 30)- T ._
‘ | <
|?IEi
| '1| 0
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Photograph 5.29 - Al{ 2t°|¢&§a;i_ic --jack: used to assist with iévélling i
of the side and end réit sthucture '
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- Photograph 5.30 Welding and gr}mimg of side aiad_ end rail struc: -
ture : . A o ‘

i

The final stage in the construction of the semi-trailer chassis was tlie mount-
ing of the ribbed plank deck. This was begun at the front of the chassis
. where the foremost deck plank (refer Drawing No. DE-03) was welded to the
front reil and side rails. The first removable deck plank was then bolted in
place immediately behind the joremost plank, and thereafter the remaining
deck planks towards the rear of the trailer (vefer Photo. 5.31 and 5.32)'. Each
plank was firstly clamped to the top flauges of the main I-beams, using the
deck clamp brackets (refer Drawing No. DE-11) whilst carefully ensuring
that it was properly centred snid square to the chassis. The bolt holes were
t *11 drilied and the plank bc;lte& %o the side rail (refer Photo. 5.33 to 5.35).
Y ue rearmost deck plank (Drawing No. DE-02) was cut to size bnly once all
the oﬂher planks were fiited, and was welded to the side rails and rear rail.
Wit.h all the deck planks mounted, the ﬁont and rear deck cover angles were
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welded ih place (refer Photo. 5.36). Finally, the holes for mounting the angle
brackets ?f-for the wooden rubbing strake were drilled and coﬂhteraurxk and
the bxankets mmmted The wooden rubbmg strake was then fixed in pomtmn

by dnlhng through the wood and the a.lumzmum bracket and inserting self-
tapping scmws (refer Photo. 5 37)

Photograph £.31 " Deck plaxks being mounted from the foremost
deck plank rearward ' ‘ '
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Photograph 5.32 Deck planks being mounted towards the rear
of the chassis

Photograph 5.33 Deck planks clamped to top flange of chassis
I-beam by means of deck clamp brackets
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Photograph 5.35

neath
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Photoéraph 5.36 Front deck cover angles bleim-._g welded to fore-

i

most deck plank and front rail

Photogrsph 5.37 Moaunting of wooden rubbing strake
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The hea,dboard and rear bumper were assemblﬁd ahd welded as detailed

in Drawing Nes. HB-01 and RB-01 nespectwely, at times in, between the

© various construction phases of the main chassis. ?hotqgmph 5.38 shows'the -

ivar under-ride bumper sssembly almost comp]éted, just before the o*“hter
upnghtﬁ weh plates have been welded in place In both cases the mounting

bolt holes in the main cha.sals membem were cmly drilled through on final’

arsbenmiw -

0o I

Photograph 5.38 Rear under-ride buﬁi_'rrnpér

With thg construction completed thus far the complete trailer chassis, withe
out the headboard and bumper fitted, wos loaded onto a semi-trailer and

transported to the University of the Wif,watersmﬁd Téchnology Ceuire (UWtee)

at Frankenwald (refer Photo. 5.3¢ and Photo. 5.40).
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Photograph 5.39 Loading of the completed chassis onto a semi-

trailer

Photograph 5.40 Completed aluminimm trailer chassis leaving
LR. & D. for Uwtec
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5.4  Assembly.of landing legs
The land:'uig legs ’\vere mogntég as shown in Photograph 541 below,

in or:.;ler to, ens;;-e the aceurate locu:timi of the bolt hole centres ff)r the Iandmg
leg braces, the steel angle brack,t at the lower end of the Iahdmg legs was
tacked in po&utmn mtn the landing legs meunted to the chasms and with $1e
rearward and mmbraces bolted to the angle braclr.eh All four braces were

then removed and-the bra.cket wag fully welded
,)

Simﬂarly, the bolt holes in the side rail for thc Iandmg leg crank brackets
were dritled on assembly (refer Photo. 5 4..,) /I

Photograph 5.41 Landing legs meunted to chassis -
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Photograph 5.42 Llanding leg crank bracket

8.5 Assembly of axles and suspension

Both the steering axles and the centre fixed axle were supplied without dlamp.
plates fitted and these, together with the lower shock absorber brackets, had |

to be mounted to the axles at the ?correct suspension trailing arm ce;xt-res (ie.

950 mm). The clamp plate assemblies for the round section steering axle

beam were assembled and fally welded as shown in Photograph 8.43 before

being welded to the avles. Considerable cére was taken to ensure -that the

plates were accurately positioned and square to the axles, and in the case

of the steering axles, that the clamp plate surface was perpendicular to the
172
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pivol axis of the steezing arm pin. In both casesf?the clamp plate gussets were |
welded to the sides of the axle beams only, well B,way from h:he extreme ﬁbmq o
(séfer Photo. 5.4 and Photo. 545). . D o

Photograph 5.43 Clamp plate assembly for FIA stgeering axle
’ o L :
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.!_j|!l. !
v gk‘) .
i
W
n
I
. .
kS
r
J:.:I
173
1
- . : A n -




Photograph 5.44 Clamp plate assembly and shock absorber bracket
welded to FIA steering axle

Photograph 5.45 Clamp plate assembly and shock absorber bracket
welded to Propar fixed axle
174



Il ' . o
. F I . . . . . B [H
i '
P ' -

| ' o R
o - " v . - .
i} !

Four M20 atuds'were welded into the fqur centre bolt holes on the 10 mm
thick, mild steel suspension hanger mouﬁtmg plates (refer Drawmg

No. §S- E‘Jlj This was necessary smcq the posmbmngw of the suspension
hanger relatxve to its mounting plate prewmted the use {f bolts in these
holes. ‘The suspension hangers were thenjhrelded to their respective mounting

Iplatns The upper shock absorber bm.;:,'lj.etg,wé;e alao welded to the rear of

the hamgers at this stage. g v
'l i

Witk the trailer supported orf trest!es m the uprzght pos1t1on, the suspen- -

gion hangess and the air-bag mountmg plates were assembled onto the sus-
pension mounts and the cadminm plated mounting bolts t:ghj:ene& to the
required tmque {refer Table E3 in Ap;rendu. E). & 10 o thick nﬁ:’ber pad
or gasket was ihserted between the suspe:nmqp -raounts and the hanger and
air-bag mounting plates to take up ;my st of flat on"the 'suspensim;._ mount-

ings (refer Photo. 5.46). The rubber gasket also serves to prevent galvavic
corrosion between the aluminiuin chasiis and the mild steel of the suspen-

sion hanger, and reduces the severity.of shock loads transm:tted through the
suspension into the q.ha.sazs With the hangers ﬁnnly bolted in place, the
Z-pressing tn-oss-bmcés were welded between each pa:r of suspension hangera

(refer Photo. 5.47). ;:

. -
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Photograph 5.46 Rubber gasket inserted between suspension

mount and hanger assembly

Photograph 5.47  Z-pressing cross brace welded to inner face of
suspension hanger
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The suspension trailing arms were then. assembled onto the hiangers

(Photo. 5.48). The rubber cone trailing arm bushings were firstly dipped
in a solution of fifty percent waier and ﬁﬂypercent liquid soap before being
assembled, to help ensure that they seated properly. The tré.iling a‘m pivot
~olt was pushed through from the ovtéide so that the nut was towards the
centre of the trailer and was tightened to hold the traalmg arm frmiy in
position. Final tlghtenmg to the corvect torque was done luter with the
semi-trailer standing on its tyres. Whilst suppesting the trailing. arms in
an approximately level position, the sir-bag assemblies were bolted to their
respeétive mounting plates (refer Photo. 5.49 and Photo 5.50) and the
air-bag trumpets to the trailing urms.

Photograph 5.48 View of suspension hanger showing trailing arm

and pivot pin assembly
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Photograph 5.48  Suspension air bag assembled onto air bag

mountirg plate

Photograph 5.50 Alir bag and mounting plate bolted to suspen-

sion air bag mounting cross-member
178



The wheels and tyres were now ‘ztted to the axles (wheel studs“ﬁ:ghtened to
a torque of 530 Nw) and the axles rolled under the chassu to their respec-

tive positions. The axle clamp plates, top clemp p]ares, and U-belts were
assembled into position about the axle locator plats on the tra.:lmg arm, and -

the U-bnlts tightened until they held the aadeu nrml;r in place (refer Phito.

5.51 to Photo. 5.54). As with the trailing arm pivot bolt final tightening to
the required torque was only done with the trazler standing on 11:9 tyres aud
after axle a.hgnment

Photograph 5.51 Propar axle ¥nounted onto suspension trailing
arm v

179

E4n =




v

!

- i

l' I

. Photogfaph 5.52 FIA steering axle mounted onto suspension
trailing arm '

Photograph 5.53

FIA. steering axle and suspension assembly
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Photugraph 5.54 Michelin 16.5 R 22.5 super smgle tyres on stpel

single piece rims

The supporte usder the chassis were then removed and the trailer lowered
until the chassis was at the correct ride nelght relative to the centre line of
the centre axle. Two correctlyr sized wooden chocks were inserted between
the trauhng arms of the centre axle :md the chassis, m;ediately in front of
the air-bags to maintain this heigﬁt, F'fahd the landing legs adjusted to level
the trailer. The bracket on the chassiq for the suspension lefelling valve
.(refé.r “hoto. B. 55) and the adjustable bracket on the centre axle for the
levelling valve control rod, were then fitted. The levelling valve was tI:ten
provisionally sét for the correct n&e height, after Which the wooden chocks

were removed and the suspension allowed to settle oni;o the rubber buffers

inside the aarubags.
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Photograph 5.55  Suspension levelling valve mounted onto chassis

Once the p:pmgaf all the preumatic cireuits on the semi-trailer was com-
pleted (ie, brakes, suspension, ste. - refer Section 5.7}, the corféct ride height
of the suspension was finally adjusted with the suspension circuit charged to
6 bar pressure. The 'trailim ‘mrm pivot bolts we‘i'e then tightened to the

required torque with the trailing arms in this neutral position.

With the axle locking pins engaged, the steering axles were centralised and
set at a toe-in of 6 mm at maximum tyre radius {as required by th;a axle
manufacturer FIA). All three axles were then aligned perpendicular to the
longitudinal axis of the trailer. This was a@m;nﬁshed by loosening the axle
U-bolts slightly and aligniné the front axle by equalizing king-pin to axle
steering pivot distance between the road and pavement siii‘:i'é of the semi-
trailer (ie. dimensions A and B in Figure §.1 b@mv). The second and third
axles were aligned para.llelﬂta the first axle (ie., dimension C). In each case
the relevant dimensions were required to eorresf)ond to within 2 mm of each
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other. The U-bolts on &l three axles were then tightened to the specified
torque, to clamp the axles firmly in place. The top clamp plates were weltiéd
to their respective axle locator plates on each trailing arm to further enstire _
| that the axles remained correctly positioned.. While the -:;la:r;p plates were “
being welded 6&1’@ was taken to protect t.he trailing arms and the air-bags
from weld splatier. - - - :

Figure 5.1 - Relevant dimensions for the alignment of the semi-

trailer axles
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Finally, the shock absorbers were fitted (Photo. '8.56) and tightened the .,
torque speciﬁed on Drawing No. $S-01. | | ' '

Photograph 5.56 Shock absorber fiited between brackets on axle

clamp plate and suspension hanger 4
5.6 Mounting of Hope anti-jack-knife king-pin

After completing the chassis and suspension asserably, the fizst eight deck
planks over the rubbing plate were removed (ie. from the first removable
deck plank rearward) to facilitate the fitment of the Hope anti-jack-knife
device (Photo. 5.57). g

i
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Photograph 5.57  First eight deck planks removed to reveal upper.
coupler assembly |

The foundation plate M-%lted,in place between the two longitudinal king-
pin braces (refer Photo. £.58) and the eighteen M16 bolts tightened to the
specified torque. The Hope device was then lowered int?o place and secured
using the eight half-inch UNF mounting bolis supplied. Before these eight
bolts were tightened however, the two 6,5 mm diameter dowel pins were
driven kome until lush with the top of the device cover. The dowels ensur;a
that the body and cover of the device are properly located relative to the
foundation plate. The eight device mounting bols were then tightened to

the required torque, and the two transit screws in the cover removed.

i
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Photograph' 5.58 Hope anti-jack-knife device bolted to rubbing
| _plate ' '

With the de\ucd thus ingtalled, the fo]lowmg checks as reqmred by the manu-
facturer(®?) we;n,, undertaken. -

~ The king-pin arm was rotated i;hrough 180 degrees in each direction

to ensure that the movement wes free and smooth. A certain residual
“restriction from the internal components is, however, normal. |

~ With the aid of feeler gauges, the minimum clearance between the arm
and the rubbing plate was checked. This clearance should be between
0,2 mm and 0,9 mm (refer Figure 5.2). |

~ Using é. suitable straight edge to span the rubbing plate aperture, the
minirum clearance all round between the king-pin flange and the 1ibbing
plate surface was checked {refer Figure 5.2). )
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015 Min.

0-3mm 0-4mm
0-2mm ?

Figure 5.2 Minimum clearances for Hope anti-jack-knife instal-

tation

Finally, the devics control valve was mounted, as shown in Photograph 5.59
below, and connected to the pneumatic circuitry (refer also Sectien 5.7).

Photograph 5.59 Hope huti-jack-knife conirol valve mounted in

close proximity to Hope device °
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5.7  Assembly of brake éystetn and prieumatic circuitry
. K B

Onee the 'Hépe anti-jack-knife device and the complete suspension were fully

arsembled onto the suass:s, the trailer brake components and all the pnen-

L

mafic cireuitey {m e fstem, Hope King-pin, auSpenmon and a.wmhaxy
cireuit for steering axle cpntml) were ﬁtted o the traller

il
Photographs 5.60 and 5 61 show the tybe 24/30 spring brake chambers used
on ‘\oth the fixed and steering ty'pe aacles

Photograph 5.60 Type 24/30 spring brake chamber fitted o

Propar fixed axle
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Photograph 5,61 Type 24/30 spring brake chamber fitted to FIA

steering axle

The procedure adopted in mounting these chémbers was frstly to assemble
the chamber onto its respective' mpunting bracket with the spring brake fully
caged by means of the caging bolt, and with the uncut push-rod extending
past the slack adjuster armn. The loose push-rod clevis was fitted to the
slack adjuster at the correct lever length (ie. 152 mm on the centre axle and
145 mm on the self-steerinlg axles) and the slack adjuster adjusted to obtain
a 90 degree angle between the push-rod and the slack adjuster arm, with the
push-rod held at the same level and-in Iine with the clevis pin. The slack
adjuster was then adjusted to move the clevis approximately 28 mm back
189 '
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_towarda the bralce chamber, and the push-rod cub io suit the clevis threads .

in this position (refer Figure b. 3) The resultant angle between the pmh—fod :

and the slack adjuster arm for the bra.kes fully mlea.sed m ; of the order of 100
, degrees Finally. the caging 'bolt was removed, allowmg the spnng brakes to
" apply the brakes. | ﬂ.. S

0

Figure 5.3 © The correct brake chamber push«-rod length and slack
adjuster position for the brakes fully re‘eased ’

The various puneurnatic cireuits were then assernbled as detailed in Drawing
Nos. PM-01 to PM-03. 'Some of the various methods employed to mount

the pueumatic valves and reservoirs are shown in Photographs 5.62 to 5.885.
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Wherever possible these have been mounted in accessible positions to the
undermde of the extruded plank deck, using T—bolts. 'Thl** was done to allow '
for easy removel "“OI' maintenunce and to alleviate the need to drzll holes
for mounting bolts in load bearing chidssis members, I‘urthermlme"mth the
serui-trailer being u prototype vehicle, modifications and improvements to the
vaious pnevrnatic systems may be made at a later stagq;‘lpwhich will require
the positions of valves to be altered, or wn' =g, ete, t6 be added to or removed

from the system.

Photographs 662 Wabco automatic load sensing valve mounted

to underside of deck
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Photograph 5.63 Relay valve and brake system reservoir mounted

to underside of deck

Photograph 5.64  Auxiliary pneumatic circuit pressure control

valves mounted to underside of deck

192



Photograph 5.65 Emergem:y aud sérvice line filters mounted to

undersxde oi‘ deck above rear of rubbmg plate

The Hope anti-jack-knife control valve (vefer Photo, 5.50) was mounted above

the fhbbing plate in close proximity to the device, in order to minimise the
time delay between the application 011? the brake pedal in the tryck-tractor,
and the operation of the device. This ié particularly important in that the
device is designed to prévent the onset of jack-knifing, and thus is most
effective if activated momentarily before Ithe trailer brakes.

The emergency and service suzies were mounted through the fron’ plate '

as shown in Photograph 5.66. Dummy ﬁttmgs were prmuded on: the lowest
headboard cross»nmber (x:ef*r Photo, 5.67) to allow the suzies to be hon}{ed
up out of the way durmg traaler couplmg and uneoupling operations.
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Photograph 5.66 Emergency and service line suzies iounted

throughk front plate

Photograph 5.67 Dumny fittings on headboard for stowage of
brake suzies
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As already mentioned in Section 4.7.1, colour coded nylon tubing was used
f,hroughcut on all of the pneumatic lines, except between the chassis and the _
axles and on the axles'themselves where rubber hoge was used because of
the need for greater Sexibility (refer Photo. 5.68). The nylon brake lines
were, for the most part, routed along the underside of the deck planks and
pop tivetted using the appropriate clips t0 the deck planks, as shown in
Photograph 5.63. Wherever possible, Schi'ifeir plug type fittings were used to
connect all the 12 mm dismeter polyamide tubing to the valves, ete. Using
this system the vast majority of the brake lines could be made up on the
work bench and then merely clipped into place on the trailer as the various
preumatic cirouits were assembled, Other ailvantages of the Schifer system
over conventional typp ﬁttmgs, are the rehable air seal provided by the
O-ring and the fact t} lat each ﬁttmg iy ea.sﬂ}* removed and reconnected when
a valve has to be dzsn rounted for servicing. -

Photograph 5.68 Puiber pneumatic hoses used on axles

Once all of the preumatic circuits were fully assemblod, the full system was
; charged to 600 kFa pressure and checked for leaks. The pressure regulating
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valves for the auxiliary si;eenng axle circuit were also set to the correct upper
and lower pressure seftings of 345 kPa and 1?2 kPa rmpectwely, at this stage.

The ‘S’-type cam brakes_ were then ad,justéd. With the brake system chésrged
to fully release the spring brakes, and with the parking and service brake con-
trols released, each slack adjuster was adjusted until the shoes made contact

* with the drum. The slack adjusters were then backaed off shghtly o obtain a

sma]l free-running clearance,

Finally, the corréci; adjusting screws and springs for the Wabceo automatic
load a\unmg valve were determined by the procedures set oul in Section .4
in Appendxx ¥, and the load sensmg valve ad;usted aceordingly.

5.8 zsseﬂlbly of lights, retro—reﬂectars,'»and elei:tricai system

The final stage in the cunstructmn of this alurmmum semi-trailer jwas the
mounting of hghl:s and retro«reﬁe:ctors and the wiring : of the electrical system,
Photogreph 5.6% shows the dlrt:._t_;tlon indiecator, stop _and rear position lights,
as well as the red tetro-réflectors, mounteld_in theu' respective positions in
the rear light boards at the rear of the irailer. The two reversing lights
were not fitted at the time that I:hislphohtograph was taken, due to certain

supply problems, and then réspective mounting holes are obscured by the
“WUMHR' mgn The two red retrmreﬁectors, as &iscussed in Sectmn 4.8, .

wh:ch were mount&d vertically at- &].th‘“r end of the chévron board were also

fio. ittens ut the time that the phntogzaph wag taken. The revers:ﬁg buzzer

wha man:a.ted on the inside of the rear end rail, as shown in Photograph 5:70,



Photograph 5.69 View of rear of semi-trailer showing lights and

retro-reflectors

Photograph 5.70 Reversing buzzer mounted on inside of rear
end rail
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Photograph 6,71  Retro-reflector and side marker and direction
_indicator light mounted below side rail |

The amber retro-reflectors, side marker

il

a -

lights and direction indicator lights,
a5 fitted along each side of the trailer, are showsn in Photographs 5.71 and
572. " | |

b i

"



Photograph 5.72  Retro-reflector and side marker and direction

 indicator light mounted ai rear of trailer

As indicated in the electric wiring diagram ( Drawing No. EL-01 in Appendix
H), all of the lights at the rear of the vehicle, including théﬁ_rearmost set of
side raarker and direction indicator lishts, as well as the two solenoid valves
of ‘Il'.he au:cﬂiar-y steering axle pneumatic control cirenit, are poweged via &
éeven core cable runming down the full length of the vehicle, between the
twlol_ main chassis beams. This cable was clipped to the ;Jnderside of the deck
planks in a simijlar mauner to the nyloﬁ a.i.r lines (reier Phqto. 5.63). The

remsining side marker and direction indicator lights are powered by separate
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$wo core cables, one ruuning dow sither side of the trailer on the inside of
* the side rail (refet Photos 5.78 and 5.74).

i
-\;{
Photograph 573 Two core electncal supply cable chpped to
f underside of deck next to sxde ra.xl .



?hotugraph 5.74 Electrical supply cable c!ipp'e:d to rear of side
marker light bracket |

The three electrical supply cables are connq_lbte.& to the two electrical suzies
via & Jjunction box mounted immediately behind the front end rail above the
rubbing plate. AU of the lightls, ete., are connected to the elettrical systen
by means of separable Mmtms, to facilitate easy removal for servicing or

replacement, -
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CHAPTER ¢
CONCLUSION
6.1 Lightweight aluminium chassis '- f

The completion of this aluminium semi-trailer project has demonstrated the
practicality and suitability of aluminiam, or more specifically aluminium
allays, for hghj;welghf. semi-trailer design within the context of the relevant
South African road loading regulations. Despite the fact that a number of
design decisions were severely limited by the availability of certain materials

and of funds and prodaction facilities, a substantial saving in tare mass has

Y A e e - . —— e et L b ettt
i » :

A
-

heen a.dueve& This is illustrated by comparison to Henred Fruehiauf Trailer’s

PET prototype (also refer Section 3.2), a steel chassied wide spaced tridem

axle semi-trailer of similar overall dimensions and built around the same time

as this aluminivm trailer,l m

Henred Fruehauf PET semi-trailer( 7800 ke
Lightweight aluiniam semi-trailer ' 6680 kg
Tare mass saving " 1120 kg

Sine: the legal gross vehicle mass is the same in cach case, this difference
in tare mass can be used ag additional revenue earning payload. The higher
basic material cost of the alwminium chassis will result in a higher purcftmse
price in comparison to the steel unit. However, the economie validity of
the aluminium semi-trailer is borne out by the foliowing comparison of the

operation ¢’ the two trailers.

A precise determination of the aluminitim price premium in this instance is
difficult to arrive at since the semi-trailer was not constructed under repre-
sentative production conditions. The best tha,'* cun be done is to calculate a
price premium based solely on the basic ma.teraal cost of a.lmmmum and steel
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and on the respective chassis tare masﬂes The prodactm costs are asvumd
tobpmmlarmeachcmandthusdonﬁthaveamaxkedeﬁect cmt.hepnce

premimm. Ruthf-tmore, in order to keep the campa.nson on an equitable

basis, the additional cast of the safet.y equlpmen{: .ﬁtted to the aluminium

trailer (fcr example, the ‘Hope antl—,la.ck-kmfe device and the extra lights)
and wluch was rot fitt 4 fo the PET steel trmler, as well as the additional

- eost of the ammlmum trailer’s unportpd air suspension rela* ve to the PETI

trailer's locally made steel spring suspension, were not mcluded In this way
“an alwminium pnce premium of R58 000-00 was calcula{z&d based &1 material

|’ "
1

ptices at September 1990160:51) and on 13 perqent GST. .!' ? "

The following assumptions were made 'mth regﬂrd to th# opei‘ahon of the

fwo semi-trailers: . B t! :

(i) When additional pa,yloat’ is camed it amouxuj;s 0‘.1 w,mge fo svventyn ]

five percent of the full pass:ble 1 120 kg, ie, 84{) xg (52‘33)
(11) The route is Johannesbmg to Durba.n and back 585 ktn each my

(m) Five return tmps are made each week‘for 2 tota‘l of ﬁ.fty weeks per year

(ie. ten trips one way).(82:63) .

(iv) The a,dditional reverue acerued from cacrying additional pavloa.& is at »
the rate of RQO-OG per one way trip (1e R170-00 per retum tnp) (62,63). -
(v') The additional insurance payable on the higher value of t}:re abuminium

trailer is at the rate of four p-weent of the aluminium price premmm.(.‘m _

- Purthermovs, the annual Heeuce fees for the steel and aluminium sem. 4railers

at the tare masses indieated above are R2 21 1-00 and R1707-00 respectively, (54

The net additional revenue accrved ver month for the aluminium semi-trailer,
e )
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and which is‘availlable to finance the price premium, is caleulated thus:

10 single trips per week for = 41,67 teips
(50/12) weeks per month pex month
Additional révenue per single trip =

o {0,840 tormes X R90-00/trip) = R75-60
Additional revenue per fmonth .
(600 trips % R75-60) = R3150-00
Plus: Saving en licence fees

. per month (R504-00/12) | o=, R420

Less: Additional insurance prenuum _ !
per mouth (4% of R6B000-00/12) =  R193-33
Net additional revenue per month . o
‘available to Snance price prempium © = R2993-67

on aluminivm sewd-trailer

" i
. \‘.,'H
i

'F‘ite pay back period for the alummmm serni-trailer is then, equal to the
shortest period over which fmauce woudd huve to be obtained for the amount
of the price premium and on which the mox‘xchly repayment would be h
R2998-67. The governing equation for compouﬁd interest on an annuity due
" type loan is(®® is &3 shown below. The m,;erest ra.tg aas been taken to be 29
percent (ie. one pervent above the pnme 1311#&91; rate at Sepbember 1990) (83)

va’mE.{l_ngl-H)[l - (148 ._ o

where

PV = present or starting value of th - loan

= R88 000-00 | | - -

£

! I



PMT = the periodic paymeﬁt

= R2908-67 ._-_rf

n -

i,== periodic interest rate expressed as a dechnal fraction a

Il

=0, 01833

o

n = the number of compounling periods (le. mouths in this case)

‘Rearranging:

pvi 177
ta [1+PMT(1+i5] |

Wi+ - IR

[l

3 i e

The pay back period for the aluminium aé:pi»trailer is then 28,6 months.

These caleulations show that, even without taking advautage of the full
" amount of the additional payload, it is possible to recoup the initial cost
premium within a relaui;:iv;sly short period. In addition, no account has been
taken of the serap value of the aluminium chassis at the end of the seimi:
trailer’s life, c:r of the potential sav*ings in fuel, tyre and brake wear, etc.,
that would arise when travelling light.

Furthermore, and as already mentioned at the beginning of this chapter, the
tare mnass saving achieved in this project waé despite the fact that mé—ny
decisions were severely wmited by the avedlability of -ceriiu:i_n materials and
funds and of production facilities. "The most severely sigrﬁﬁcént exaryples

of this are the main chassis I-beams which, after o number of unsuccessful
.' attempts to mamufacture the beams in South Afriea, had to be selected from
Alusuisse’s standard product range in-Switzerland and were slightly heavier f
than they needed to be. If local manufacture had been possible the beams
could huve been sized more optimally, and thus woald have been margiuélly
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- lighter. Stmilaxly, if deck planks without anti-skid tibs and a thinner rubbing

plate hud been used (15,88 mm mbbmg plate used to reduce the number of
k dxﬁ'erenjz plate’ tlud;manses required - 12 mm would have been sulficient}, and
safety items such 4s the Hope anti-jack-Enife dewce and the extra lighting
and braking equipment had not been ﬁtted ﬁlri;her mass savings would have
been anheved . -

¥ all éﬂ these additional or potential mass savings are taken into accomt,
the total niass s.j.vmg over the steel unit could have been as high as 1 500 kg
or 19 percent and the payback permd as low as 16,3 months.

6.2 ~ Wide spacsd tridem axle concept

v

The mde spated tndem axle concept mcorpomtmg self—steermg a.xles, kS

i mi:roduced via this project, and Henred Fruchauf ' PET sem:—traﬂer, has

proved to be highly successful. During initial trials, ou both freeway and
wrban roads, the aluminivm semi-trailer handled as well and showed itselt
to be no less manoeuvreable, except when reversing, than conventional 12,3
metre fived axle semistrailers. MMM, because o sémi-»-trailer of this type
ie intended primarily for long distance haulage, the problem of severe tyre
scuff when. reﬁersing can be minimised or eﬁminated- T::;Atc:get‘.lner thrdugh the
praper design of end terminals and loading bays.' s

F\ﬁther operatiﬁg experience has indicated greater rates of tyre wear for the
two self-steering axles of the aluminium sevni-trailer than for the tentre fixed
axle. This was to be expected and is due to, firstly, the 14 degree maximuam
tracking angle limitation on the FIA self-steering axles, which results in a
certain amourt of tyre scuff in tight turns (refer Section 4.6.1) and, secondly.
tyre stuff when reversing with all three axles fixed (ie. steering axles locked).

However, as predicted in Section 4 6, the tyre wear experienced on these axles
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is in general no worge than that typ;cally e:cpenenced on the foremost and "

rea.rmost uxles of a conventional tridem semi-trailer with dmeby spaced fizted
axles. The correct wheel and aade alignment was also found to be mportant

for the two self—ﬂteermg axles in order to ensure the divectional stal:nhty of

the trziling arms, especaally ab ldw axde dampmg pressures

An efficient and responsive lc-a.d eqdalisation system bet‘u:gen the axles of the .

tridem axle suspension, as well as a greater than noymsl amount of verticsl

suspension travel on each individual axle, hes been shown to be of impor-

tance for wide spaced suspensions (refer Section 3.2 and Section 4.6.9), This _

is not oxly to properly distribute forees into the chassis and to mmntam all
three-axles in cont «ct with rche road surface’at all times, but also to ensure

a umfo:;m load distribution at the road surface, thereby :mziimxsmg pave-

ment damage, During the initial trials of this aluminitm sewmi-trailer, the
Fruehauf-T suspension has proved to be well suited in this regard, Further

testing is, however, required to determice the respective axle loads under

varying conditions, in order to quantify the officiency of the inter-axle load
equalisation, This should be done both statically and dynamically and for
various pmjloads and road sutface conditions. Should it be necessary to im-

prove the responswmess of the suspenamn, larger air Hines than the standard _

6,38 mm (§ inch) nominal bore polyamide plastic tubing can be subst:tuted
between the suspension air bags slong esch side of the trmler chasszs to ime-
‘prove the air flow. Incressed vertical suspension travel can be achieved, if
necessary, by mﬁwng the axle locator plates and, hence, the axle _@opnting;

pbsitién, further along the suspension trailing arm sowards the air ba,g‘s'.
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6.3 Pseudo-dynamic acceleration based design model. .

A methodology fox platforﬁz semi-trailer deéign has been présented in the =

form of the design of a lightweight ehmiiniur platform semi-trailer, The dy-
narmic acceleration based design methodology adopted for the chassis design
in this project (vefer Chapter 4 and Appendices A and ﬂ) is considered su-

perior to the more commonly used approadh of applying a Ioad factor to the

stresses caleulated froncthe static load distribution. The reasons for this are,

firutly, because it is a more reslistic approximation to the actual situation,

in that it takes into account such ocetrrences as load transfer (eg. during.

braking) and high dynamic loads resﬁifing from travelling over potholes and

" other road sucface inegularities. Secondly, it gives a direct indication of

the expected factor of safety over and above the maximum dynamic design
stresses, whereas in the load factor approach the factor of safety and the dy-
namic load factor are combined, and the relative proportions of each remain
unknown. Last]y, the dynamic accelerations a.pphe(’. in the design stages may
be eompared dlrecthr to m:cel&rahons measured dunng later prototype test-
ing and conclpmons drawn. I!l_ the design of this aluminium trailer chassis
(vefer Section 4.2.8) the dynamic acceleration factors applied were based on
published figures for highway vehicles. "

The fatigueavﬁfe calenlations for the main chassis members have been based on
a stress-life approach in conjunction with the T’a}'mgren-MiM‘r Linear Damage
Rule. 'The Palmgren-Miner hypothesls was adopted sthce it is still the most
widely used approach because of its simp].lmty and ease of appllca,tmn, n.nd
the experimnents] fact that other much thiore complex cunmlauvqa damage
theories do not yield a significant improvement in failure prediction reliability.

Ar assumed loading spectrum based on the initial vibration freque:f';:cy tests

described in Section 2.2, and 2 Gaussian frequency distribution had to be

used to approximate the fatipue stress history over the p}ojected service life:
' 208
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.' of the trailer, since no valid inmervlic;_e loading duta was available for this type
of vehicle in South African conditions.

oo - ]
n ! - . B

bl

- In order to shsure that tnepeak stresses corvelate sufﬁciepﬁy_,_uwell .with de-
" sign values, and to obtain more accurate date with refiard to the projectzd
fatigue stress history, simulated in-gervice ?esting of the sexni-trailer chassis
needs to be undertaken. The methaaology for endurence testmg of heavy

'-duty vehicles, as discussed in Section 3. 4 should be used for this purpose m_h

conjunction with the date logging system described in Section 33. In mme'-.

instances laborai.ory testing of specific components may be useful.

"

For the most part, the desxgn calculat.una relating to the chaaszs Sub~s1:mcture
refqr Sectmn 4.4 and Aﬂpendjx C) and to the ancillary structure (refu‘
qecﬁlon 4.5 and Appendxx D) have been undert.aken for spaclﬁc mwaximum

load situntions relating to the nperat:ng conditions of that arka of the trailer. o

Tn the case of the side rails and deck the upper cuupler stmctme and the rear

under-ride bumper, the maximum load conditmns sre related qo a,pphcable }

design specifications. 4

In all aspects of this design, safety has been whaintained as an fmportant

’ criterior} 'jand, wherever possible, appropriate safety equipment has 'h een in-
corporated in the design (eg. ‘Hope’ anti-jack-knife device and extra) ’ghts)h'
~ In the design of safei;y related systemms and components, stich as the Byakmg
system and the uppet t.oupler structure, relatively large factors of sa.fehy are

used to allow for m-arloadmg " o '*a
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6.4 Final conclusions an\d ;-é;ommie}tdationg e
§ e
__g‘m Ject contributed at the time
to tke estabhs}unem; of a valid mad transr:nrt research program at UWtec.
Fctheérmore, as & ade:n&d by reaction t6 the trailer frcm the trausport in-
dustiy, it has. helpéd to promofe the use of alteraative ma.tarmls for road

vehicle da\ , ' : _ _

The conipletion of this alumininm semi-tra;“-j@

'- Thg "‘iler togeﬁher with the mfrastructme developl:d dunng the pro]ect,

' wﬂl serve as 5 useful semi-trailer test platform for the future testing of such
:.items as structural components, brake systems, running gear, ete, and for the
{ collection of road Ioadmg data. It is thus récommended that the mnmnder
of Fhase 2 of the pro;ect as discussed in Chapter 1, be completed.
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APPENDIX A

i

STRESS ANALYSIS OF MAIN CHASSIS LBEAMS

br

f

‘ ) Thxs appemhx detmlm the des:gn ealeulations r( Latmnr o’ the various load and -

_ ..supporu cases for the semi- traﬁer, 88 well as the stress and, buckhng analyses .

. and the fatigue _analysxs for the two raain chassis I-beams. The actual lod,dmg
mxalysisof(e}iah load case is undertaken in Appendix B.

- ] ‘F - . 4 -
A2 ILoa&;ingfafﬁ&E'Eis, of main chassis -beams.

- 3

[ |
S . ‘5

A2.1 : Ganeral _

In an. attempt to cov)br all posmble Ioadmg condltmns, various loa.d analyses
(dznoted case 1 - case 7 loading) are detazled in this section for both static
a.nd dynamic loading of the semi-trailer, and for various support conditions.
In all cases the load is as*'mﬁed to be distributed over the full length o'é\
the trailer. Further, it is assumed that __all the load is cartied by the two

main chastis I-beams, since the contribution of the deck and side rails to the -
longitudine! bending stiffness of the teailer is uegligible. Transverse loads are -

neglected and torsional loading is dealt with separately. A design pa}; nad
of 30000 kg, a chassis mass of 2900 kf-' and a running gear mass of 28"’0 kg
are used, with the chassis I-beam 1ength (ie. deck length) being 13729 mm
(refer Section 4.2.2). The awn]:ary equipment tare (ie. landing legs, Hope
king-pin, braking equipment, etc.) of 250 kg 15 neglected. '

Values of shear force, bending moment and deflection at 31 nodes along the
length of the chassis I-beams ave ealculated for the loads and support cases
discussed below, using the “Genesys Frame-analysis/2” stractural analysis
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sub-program (refer Case 1 to Case 7 loading - Appendix B). The resul-
tant shea.r force, bending moment and deflection diagrams are presented in
Graphs 4 1 to 4.3 and Graphs 4.5 to 4.22 in Chapter 4. Longitudinal load-
ing is analysed separately and these results are presented in Table A1 and
Graph 44. ' |

It should be notedhhere that, since the sub-program is used to analyse a
single chassis -beam coupled to & two-dimensional raodel of one side of the
suspension system, the loading figures caleulated in this section are halved
inn order to yield the loading per beam. . Similarly, the-suppori, reactions
calculated by the sub-program are for a single chassis beam and, hence, are

half the reactions for the full trmle:‘ The reactions at the § suspensmu hanger
and air-bag mounts are obtamed ﬁ'om the compressive forces in the lmks of

the suspension model at i’.hose respectwe nodes.

A.2.2 Pseudo dynamic fmh; distributed load analysis (Case 1)
This load snalysis sintiilates the combination of dynamic vertical loads irs-
posed on the structure with longitudinal forces due to, for exarmple, braking
decelerations. The approach ndopted is {o firstly caleulate the load transfer
from the semi-trailer tti-axle bogie to the king pin, due to an assured dis-
tribution of retarding fnrcég between the king pin and bogie, as well as load
transfer within the suspension itself, and t}iéz_fe'b‘y to obtain pseudo-dynamic
reastions at the hmg pin and at Isﬂ'spmsiun has:.-g;er and air-bag mounts. Then,
working badkwards, a skewed load distribution (Figure Ad), of total magni-
tnde equal to the design payload plus chassis mass mmltiplied by the vertical
acceleration, is caleulated to produce these pseudbi-fiynanﬁc reactions. In this
analysis it is assumed that o maximum downward#gieceleration of 2-g and a
maximum forward braking deceleration of 1-g acts upon the fully laden ve-
hicle. Fulther, the brake retarding forces are assumed to be distributed such
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that 40 percent of th“?/bta.kmg deceleration is due to refarding forces at the -_
tytes of the serni- trailés 4 60 percent due to retarding forces at the kmg~

- pin (refer Section 4.3.1). The height of the centre of gravity of the fully

| Ry + By’ = Py = (9,81)(32900)(10~") - S

distributed payloa& and selm-trmler (mcludmg axvles and suspens:on) com-
bined is estimsited to be 800 milhmei.res above the deck (ie. approximately
2470 millimetres above ground level}.

Statie reac_tions

Referring to Figure Al, the static mactxons at the king-pin and at the sus-

pension moun..mg are caleulated in the following manner.

‘Summing vertical forces " RS

C=322,7 kN S

o
]

where P, ' is the combined weight of the chassis and payloa.d a.nd R;'is t]:u=

totd sta.t.:c reaction at the suspensmn mountings. - f
‘Taking nioments about the centre of the tri-axle bogie:

Ry(8524) = (6864,5 — 3450)(322, 7)

that is

By = 123,85 kN

b

and substituting

Ry'5199,3 ¥ . | o N
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hﬁ=8924m

N1,
¥ e
a\-“,h= -

- 13729 o

343;”.,..__..

Figure Al Free “b:locly diagram for pseudo-dynamic fully distributed load énalysis |
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_Lwoad transfer between _t'he éuﬁpehsinh and i fhe king-pm :

T # w y*ﬂ*wmmmw
——- -t ~ H “{ . I
AT
A.ddmg the running gear. mass {w axles, tyres; _sus} ;f‘bnawn, ete.) to Rz'i
. (JJL; e .“w
hz By’ +(9 s:f.;(zszo)(m—s) | Ifj”-. -
| -2269k1\1* | BT | R

. } i A
For a downmd deoeler:a.tzon of 2-¢ .ami a forwan ! decelm-a.tm of
- 1-g, a.nd fﬂr 60 percent. of the brakmg of the trar viai the king-pin and 40 .

percent at the tra:ler tyres, the dynamzc react:d are as foilows

i - SRR
: : il
Ny (2)By + (o Y37 S(z)Pt +, 6)(1}# @PF
by

N

r-.'._-;:"(zmz (0 4)(1) (2)1’% (06“ (1)—"1 (2)Pt “_._

—(2)Rz'“ “m 4)(1)1,.,,30)& = (0, ﬁ)(lh ;f—(z)ﬂ x

whege N2 is the totai dyna.:mc reaction at tF % s_gg?ensmn mountings. f
- Now: . \ l |
. - ' ' - J% N S . [[
P, = {9, 81)(35720)(107%) N-i— . |
Hence, substituting into the above equations: | | i o iil
Ny =375,6'kN - i - 1\
. - ¥ o

Ny = 324,8 kN - I J(
Nyl = 269,F. kN ;. F{ -
- 215 f )

it : ,J

\ Il{-J I fi

W _h

-



 Load transfer 'wiiffﬁh the suspensim;
’ .- '\1” ! K - i
The 4ir sﬁspe:mion fitted io the semi-trailer distributes the load equally be-
tween ea.ch oi' the three ey of the tri-nxie bogie, Hence, the static 1oad on "
each of the arise under fully laden conditions is:
Rax = 5
= 75,64 kN
Similasly, the load ot the suspension motmtings for each of the wxdes is:

RAX';"-—“-RQ' n
T3

| = 66,43 kN

Referring to Figure AZ, the static reactions et the suspension hanger aad
air-bag mountings sre:

(381)Rax’

B = =gy

== 96,26 kN

(484)Rpx

Ra= 553

=37,i7 kN



Figure A2 TLoad transfer within the énspengﬁm-ﬁﬁ during braking

Similarly, under dynamic fully laden conditions:

it

Ny
Nax = 3

_324,9

I IRLIY

3
= 108,3 kN

HT



o F
ot

~Asa resultof the"equélising effect of the air suspension, the braking force (F})
ds assumed to be equal for each of the trailer axles. As albove, the traler axles -
" gre assumed to account for 40 percent. of the braking action on the vehicle,

Then, refemng to Flgure A2, the hrakmg force at the tyres on oue axie is: |

(35720)(0 4)(1,0)(8,81)(10~%) | R
S &y = :
-'3- I ~ B ..‘I-.. A . (3)
=472 KN

Hence, the biaking_torque on each of the axles is:

Tﬁ F5 xr .
= (46, 72)(514)(107) -

| = 24,01 kNm
Taking moments about tl;,e suspem;ion hgqger pivot:
N,:(865) = T} + Nax '(484) I‘
that is h ' |

Nj = 78,04 kN
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Similarly . | §

;ff.rf NH’ — ]1‘ 82 kN

Note that sin(-e the centre 'of g-avigf of the rum:ing gear mass is close to the
same hezght a3 the suspenman trailing arm pwot pm, the 1’10“120111‘.&1 ihertisl
force WAx in Fxgure A% is assumed to act through the pm:v{: pin centtre,

£
L

Suspens'ion hanger moments

" Duni bmkmg, the bralung force at the tyre/road surface mterfa.ce is trans-
ferred to the chassis via the suspenswn hangsr. This results in a moment-
‘about’ 'tht: neutral axis of the main chassis I-beams. The braking force at the

suspenawn hanger pm:ts for mch a.xle iz given by:

Ol

Fy! =y~ (%-) (9, 81)(2820) (1@“3)

= 37,50 kN

Then, referring to Figure A3, the suspension hanger moment for each of the
axles is: '

My = (504} (10~%) B

== 99,98 kNm
Skewed icading distribution

The maximum (wy,) and minimum T(:uﬂ) values of the skewed load distri-
bution used in this analysis are now determined from the support resctions

caleulated above, Summing vertical forces as indicated in Pigure Ad:
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Figure A3  Suspensivn hanger moments

1 - | o
5 {wm +w3)(13,729) = Ny + 3Ny + 3N,

= 646,56 kN
that is

990

P
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Ny Ny N, Ny
65 i P
e 1355 5829 - 2620
| 17728 ——
Figure A4 ]

Skewed load distribution




e
s e

Taking moments about the mryﬂont of the trafler:’ 7

2 ey
o )22 L U190 My ~ Ni(1,369)

s Ny (7,175 + 9,795 + 12, 415) — N5(8,04 + 10,66 -+ 13, 28) = 0
that is
W = (108,84) ~ 2w,  [kN/m] v

Thus:

wn == 108,84 — 04,03

-t L e T
=t

= 14,81 kNfm

and
W = 79,23 kN /m
~ Shear force, bending mo;_‘qentland deflection diagrams

Shear force, bending moment and deflection diagrams for the above skewed
load distribution from results tabulated in Appendix B, are presented in
Graphs 4.1 to 4.3 in Section 4.3.1. '

A.2.3 Static fully distributed load analyses (Case 2 and Case 3)

Static load distributions are analysed in tixis section for the trailer at rest
or parked. Two different situations are considered. Firstiy, for support at
the king-pin (e, _tmdc;frastor coupled - Case 2 loading) and secondly for
support at the landing legs (ie. truck-tractor uncoupled - Case 2 loading).
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All three trailer axles are shsumed to be firmly in contact with the groynd. .-

N longitudinal or transverse loads ave considered in either case.
i ' T . o w . . . H [

“ - n o
. s n "t \- o . oo L N P
. . . . ol
. ‘J . o . h . -
e _ . h
I . M v -

"Phe value of the static distributed load on the semitrailer is:

"

) 81)(32000)(10~%) Ly o
R (R | L
- b A |
= 23,51 XN/m - | o : -
: R ‘ ’ i

. . ; ; " . :'
Support it the 'kinj';-pin and three trailer axles (Case 2 lgading)
- T : ) L T
The support reachd;g:s for the whole trailer ave (refer Appendix B): .

By =123,5 KN
R, =199,3 ¥N
Ry =28, kN

By=37,4 kN

Support at the landix;g iegs and three trailer axles (Case 3 Io'ading)

G

The static reactions at supports for the whole trailer, in this case, are as
follows {refer Appendix B):

Ry =181,8 kN | ’
Rp!=141,3 kN

Ry =26,37 kN i



-

A T - P B = N - "
u N : B
- . i B PR - : - -
- - . ! A1 -l . - *

" X : . . .
2 . . : 3, ) . .

- Y - T % . -0 ': .

- - R - : . K 4

She;r fori:e, Bending holdént@aqd' deﬁenctiuil f Hm\ma

Shea.r force, hending moment and deﬁect:on dxagrams from the nesults tah-

~» uia.uad?*r— Appendxx B,r are“prwentﬂd in ‘I.:raphs 4.5 to i’fiﬂﬁ mSec mn 4.3.1.

: A.z.a% | Stéﬂt'ic-load- ana’iyses for various axles lifted (Case 4 to .
=~ Cae?) . . o

A
]

When negotiating lasge husmps and dips in the road surface, situations can
compl_étely off the road surface. “This is due to the load equalisation system

of the suspenszon not having sufficient travel to mainbain all three- sets of
tyres ﬁsmiy on the ground thereby equalising axle loads, and\ 13 accentuated

toa large extent by the wide spacing of the axles of the sem1—tra11er txi-axle’

bog;e Due to the extreme nature of the road surface reqmred to’ produce
5 these cond:tmns, “hey are conmtiered no occur ai low speed and, hence, at
I_1ow dyna.mm a.cuelerat:on For example, when entering and eautmg dnveways,
. over storm water gulleys, or when turmng sharp corners where thereis a large
~difference in slope between the two 1nteraectmg roads. For this reason all of

the following analyses are undertaken for a lng (vertical) load dzstnbutmn
(ie static loading).

The value of the 1-g uniformly distributed load for the whole trailer is:

_ (32000)(9,82)(10~%) | | }/
S (FN ) /

= 23,51 kN/m

"™ arise where the tyres oA one or more of the axles of the trai'er are lifted -




TR,
i)

~ Support at the king-pin and foremost axle (Case 4 loading)

[

In 1,1113 case the tyres of the centre and rearmos taxles are lifted. clear.of
. the g{“"md. The sunport reactions for the whols trailer are as follows (¢ 3

Ry =40,70 KN o
Rax'=282,0 kN
- By = 1:?,4,1 KN

Ra = 157,9 kN

t

Iéyppdrt' at the king-pin and Ct{ntre axle "(Ca&e-ﬁ loading).

This case covers the m’rua,tmn for the ty-‘ of the foremost and reaxmost axles
lifted: cltsar of the gromm ‘he reactions ad the suppm-ts for the whole trailer
are (rvefer Appendix B): ' S

By =123,6 kN
Rax'=100.8 kN
Ry = 87,88 kN

R4 =111,5 kN
Support at the kjng—pin and rearmost axle {Case 6 loading)

Here the tyves of the foremost, and centre axle are Yifted off the grouud

Support rea,ctmna are {vefer Appendix B}):
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Ry = 163,7 kN
Rax’=154,1 kN
Ry =67,75 kN-

R4 = 86,00 kN
" Support at the king-pin and front and centre axle (Case 7 loading)

In this case the tyres of only the rearmost axie are lifted clear of the ground.
The reactions at the supports for the whole trsiler ure as follows {16fer Ap-

Ry = 80,21 kN
Ry' = 233,5 kN
Rax'=116,8 kN
Ry = 51,46 kN

Ry = 65,81 kN
Shear force, bending moment and deflection diagramisl

Shear foree, bendin ; moment, and deflection diagrams for the above four load
cases, from the results tabuiated in Appe.-dix B, are preéented in Graphs 4.11
to 4.22 in Section 4.3.1. |

A.2.5 :Longitudinal loading analysis

Longitudinal loads are imposed on the chassis I-beams during braking. In
this analysis a forward braking deceleration of 1-g i assumid o act upon
the payload and the trailer mass. The payload mass is diae;éifibuted over the
full length of the semi-trailer and it is asswmed that the retarding forces
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between the tieck of the trmier a.nd the payload are evenly dzstnbute& a.loﬁg.

.r, the full 1ength of the. deck. As in Prevmns analysea it is assumed that 40

percent. of the brakmg dece]eratmn ir. due to retaxdmg forces at the tyres of-.

the sem:—-trmler and 60 percent due to retardmg iorces Bt the kmg~pm

Rﬂ:ﬂernng to Figure A5, the 1ong1mdma1 load induced ix a chassis T-beam at -

i d:stance, x, fromi the front of the bea.tn, for span A, is gwen by

i».')i i

[(O,s)ﬂ+(3m (*?a )pt ]

‘where 2 is thlp braking ratio {ie. 1) and A _.'is-the' length of "thé beam

Similarly, for spans B, C, D a.;}d'E:

N

7]

Span C: F== (2)1?,“_({33:_.3)?‘,
: 2 A }

f‘J

£~

 Spen B I.Fkx% (3)5}, (

SPﬂﬂIj: -. Fz:—‘_—”%JF (Ea-—-:r:) ]

Span E: Fl"{ 2 gbgb )

The distribution of longitudinel loads per chassis I-beam for the 31 nodes
along the length of the I-beams (refer Appendix B) are presented in Table A1
overleaf and in Graph 4.4 in S_ectidn 4.3.1. '
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Table A.1 'Ldngit“udinal Io&diﬁg diétri'bi:tion for main chassis I-
| -beams- II—I. " : M - - .

Node  Distance from front ~ TLongitudinal load
" of I-Beam (mm) . per I-Beam —Fy (kN)

Tl 0,0 .5 ! 0,0
) 2 677,5 7,96
3 1355, 0 15,98/ — 89,20
4 1905,0 B %t JRS
5 2455,6 ~16,27
6 . 2780,0 | | —78,04
7 ' 3005,0 ~69, 80
8 3250,0 - 66, 57
.9 - - 3555,0 | 63,534
10 | 8771,67 . ~60,79
n 3988, 33 L ~58, 24
12 42050 - v ~56, 70
13 " 4354,0 53,95
e . 4018,2 \ 41,81
15 . 5482, 4 7 —40,68
15 - 6046, 6 S ~34,05 "
17 " 6610,8. ~97,42
18 B 61X | N ~ 20,79/ - 39,54
19 7607,5 34,45
20 8040, 0 L. =29,87
21 8625,0 | - =22,49 p
22 o 9210,0 | ~15, 62 |
23 9795,0 - -8, 74/ — 27,49
24 10227, 5 . —23.1
25" 10660, 0  ~17,%2
26 11245,0 | 10,45
27 11830,0 3,57,
28 | 12415,0 8,30/ 15,45 -
29 12847, ~10,36 -
30 13280,0 - -5,28
31, 13729,0 0,0 %
299 ”
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A.3 Strecs analysis of main cha#sis illbeams

A.3.1 Stress distributions , _ - o,

Kl

 The following distribtions of stress over the full length of the chassis I'beams ;
were culeulated for the pseudo-dynamic (Cuse 1) loading conditions and are
presented bere in tabular form (T&b}esnAE to AT). Each of these stress
distributions is =lso diseussed in Section 4.3.2 and the resﬁlts presented-_inJ
. graphical form in Graphs 4.23 to 4.34. - ' _ g

~ Longitudinal divect stress:

~ Muximum trensverse shear stross (néutral axis).

= Extrex;ie Tibre bending stress {upper flange).

— Princpal stresses at the extreme fibres (upper ﬁange)‘

- Principal shear stxess at extreme fibres (upper flange).

~ Yon Mises siress at extreme fibres (upper .ﬂangé).

— Principal stresses at the 'web/ﬂa.ngé jci'ni;r (above the neutral axis).

~ Principal shear stress a.i; the web/flangs sqint (above the neutral asz-isS'.
~ Von Mises stress at the web/ﬂange joirit {above the neutral axis). -
- Principal stresses iﬁ the main I-beam welds (above the neutral ”axi.,}.

~ Principal shear stress in the main IuBeaﬁL welds (above the neutral axis).

- Von Mises stress in the main I-beam welds (above the neutral axig).

The positions of the nodes quoted in the fa.bles ave a8 defined in anure Bl
and Section B.. Jf Appeadix B. o
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Table A2 Longitudinel direct stress distribution (Case 1 ldadihg). |

Noae ~ I-beam . Longitudinal
depth (mm)  stress (MPa)

[d

1 90,0 | 0,00 ¥
2 290,0 T 0,78 .
3 290,0 1,52 .
13,50
4 20,0 ., . ~7,88
5 290,0 ~7,26
6 309,2 ~6,83"
7 . 3285  —6,41
8 87,7 7T Zg0L
9 36650 © ~5,62
10 418,8 . =5,16
11 L5308 © . 4,51
12 _588,8 ~4,18 ©
13 800,0 ~2,97
1 00,0 —3,48
15 600,0 - —2,99
1 600,0 ~2,50
17 600, 0 2,02
18 600,0 ~1,58
- . -2,01
19 600,0 | -2,58
20 600,0 ~2,16
21 - 600,0 - —1,65
22 . 600, 0 . =1,15
23 600,0 ~0,64
24 600,0 . -1,85
25 - §00,0 ~1,27
26 600, 0 0,77
27 . -600,0 C T -0,2
2 - 600,0 0,24
. ~1,14
29 600, 0 ~0,'76
30 800,0 ~  —0,39

31 600, 9 0,00

m
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,Table A3 ~Maximum transverse shear stress distribution .'
{Neutral axis - Case 1 loading) ' '_

Node I-beam Shear Force  Traus. shear
depth (mm) - (EN) - stress (MPa) -
1 290,0 ' 0,000 0,00
2 290,0 ~26,30 o, ~10,%2
3 200,0 . =81,52 .. % 20,02
- 136,27 52,95
4 290,0 . 116,59 45,30 -
5 290,0 97,61 37,93
& 3090,2 . B4 ’ 32,19
7. 3985 79,34 21,16
| 8" -347,7 70,48 22,79
g 366,9 61,80 "'18,93
10 418,8 54,72 14,70
11 530,8 46,95 110,01
12 588,8 L ALE3 8,08
13 - 600,0 37,59 112
14 - . 600,0 21,46 2 - 4,05
15 600,0 5,04 1,13
16 ) 600, ¢ _ -"8','84 - 1, 67
17 600,0 . =22,76 . —4,81
18 - 600,0 . - ~36,08 - — 6,82
: ~36,08 ~ 5,60
19 600,0 39,66 —T,51
20 - 600,0 - ~48,91" © —9,26
_ . —9,01 ~1,88
-2 600,0 o -21,84 ~4,10
992 ~ 600,0 V8251 —~6,16
93 600,% - 42,64 ~8,08
- ~36,55 - - 6,92 \
% 600,0 43,53 -8, N
% . 600,0 —50,13) ~0,40
~11,21 % =212
26 - 600,0 ~19,35 3,66
27 600,0 ~286, 68 T ~5,05
2 - - 600,0 —-33,20 - 6,29
. , - ~27,15 - -514
29 . 600,0 ~31,48 -~ —5,96
30 00,0 ' —~35,39 -~ 6,70 .
3,58 : 0,68

31 600,0 0,00 0,00
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" 7able A4 Extreme fibre bending stre;s%'distributiqn- o - |

A

{Upper flange - Case 1 Joading)

Node

T N

" Y-beam
\ depth (mm}

290, 0
200, 0
290, 0
293, 0
20,0
300,2 -
328, %

_,- 34??',"- _T.\l
- 366,9

418,8
530,8
588,85
600, 0
606,0
600,0.
600,0
600,0
600,0

800, 0
600, 0
600,0
600,0 -
600, 0

600, 0
600,0
600,0
600, 0
600,0

-600,0

600,0
600,0

it

- Bending

~ Bending
Moment (kNm) = - stress (MPs)
6,00 0,00
8,61 8,12
35,27 - 32,15
- 34.30 - 31,26
~ 93,23 — 84,07
~118,33 — 99,95
—141,90 . =110,66
~162, 53 - 118,07
~180,73 ~192,77
- 198,44 ~111,39
- 204, 68 —~ 87,53
~214, 55, ~ 80,46
920,43 - 80,70
~257,07 - 86,80
-244., 78 -- 89,61
~243,95 — 89,31
~235,04 -~ 86,05
| ~218,45 ~ 79,98
- 207,31 - 75,90
~192,25 -~ 70,39
~173,18 — 63,30 .
~163,92 ~ 60,01
—148,09 — 54,22
—126,11 - — 48,17
~114,97 — 42,09
- 97,62 — 35,74
w77, 36 — 98,32
—68,43 - -25,05
- 37,47 — 13,72
~ 96,33 -~ 9,64
- 13,3 —~ 4,99
0,84 0,31
0,00 0,00
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Table AS Distribuiions of principal stresses, priucinal shear stress

and Von ‘Mises stress at the extreme fibres of the upper flange

(Case 1 loading) - ' " C

‘f‘ifbde . Max. prin, Min. prm Prin. shear Von Mices
stress (MPa) - stréss {MPa) stress (MPa).  stress (MPa)

0,00 0,00 0,00 0,00

1 q

2 8,88 0,00 . o 4,44 8,88
3 33,66 0,00 16,83 | 33,66
o " 23,65 - 0,00 - 11,83 . 23,65
4 6,00 ~ 39,14 . 19,57 189,14

5 0,00 . 02,24 46,12 . 92,22
6 6,00 ;8,78 53,32 - 106,78
7 0,00 R X SR 58, 54 107
8 0,00 --124,08 62,04 - . 124,08
9 0,00 ~128,89 - - 64,20 128, 39
10 0,00 ~116,58 - 58,27 . 116,55
11 . 0,00 ~ 92,04 46,02 T 92,04
12 0,00 - 84,59 42,0 84,59
18 0,00 .~ 84,67 T 42,83 - 84,67
14 . 0,00 .- 90,27 45,14 90,27
185 0,00 ~92,60 - 46,30 . 92,60
16 0,00 - 91,82 45,91 91,82
& S 0,00 -~ 88,07 44,03 88, 07
18 0,00 - 81,51 - 40,75 ©. 81,51
| 0,00 ~ 78,81 39,40 . 78,81
19 0,00 ~ 72,92 36,46 2,92
20 0,00 — 65,55 32,77 65,55
21 0,00 - 81,67 30,83 81,67
22 0.00 - BB, 87 27,68 585,87
23 0,00 ~ 46,81 23,41 46,81
0,00 ~44,11 24,06 44,11

24 . 0,00 ~ 37,39 18,69 37,39
25 " 0,00 — 20,60 14,80 29,60
26 0,00 . - 25,82 12,01 25,82
27 0, 00 ~ 20,39 10,20 20, 39
28 0,00 © 18,48 6,74 . 13,48
0,00 — 10,78 5,39 10,78
29 0,00 , - 5,75 2,88 D B,5
30 0,00 - 0,08 0,04 0,08

st 0,00 0, 00 0,00 0,00
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-‘i‘able A6 -Distributions of principai strésses, print;ipal shear streas

and Von Mises stress at the web/ﬂange JOlnt above the neutral mus .

| (Cuse 1 loadmg)

"Node:  Max. prin, ‘Min. prin.  Prin. shear  Von Mises
stress (MPa) siress (MPa) stress (MPa) stress (M™Pa)

i -0,00 - 0,00 0,08 0,00
2 13,61 5,85 9,73 17,30
3 37,41 - —8,18 22,79 42,09
. 56,85 - 37,63 47,24 82,30
4 25,82 ~ 60, 65 43,24 16,89
5 11,88 ~92,40 | 52,14 . 98,88
-8 7,63 ~101,49 54,506 105,51
7 4,98 ~108,57 56,77 - 111,34
8 3,27 ~118,77 58,52 115,44
9 2,16 . ~117,16 50,65 - 118,25
10 1,84 ~107,25 54, 80 107,93
11 0, 69 ~ 86,14 43,42 86, 49
12 0,46 79,58 40,02 79,81
13 0,36 -179,65 40,00 79,82
14 0,11 ~ 84,60 42,85 84, 65
15 - 0,01 — 86,64 43,32 - 86, 64
16 0,02 — 85,88 42,05 . 85,89
17 0,13 ~82,46 41,20 7 §2,52
18 0,34 — 76,51 38,43 76,69
0,24 ~ 73,99 37,12 74,11
19 0,46 - 68,69 34,57 68,92
20 0,77 ~ 62,09 31,43 62,48
0,03 - 81,38 30,69 61,87
21 0,16 — 57,83 29,00 57,91
22 0,41 ~ 52,16 26, 28 52,36
23 0, 82 ~ 44,85 22,60 - 44,97
0,64 - 41,95 21,29 42,27
24 1,05 - 36,06 18, 56 36,60
25 1,71 - 20,42 15,57 30,31
0,09 ~ 27,80 13,94 27,84
26 0,81 ~ 24,46 12,38 24,61 ¢
27 0,72 ~ 19,71 10,25 20,14,/
28 1,56 ~ 14,13 7,84 14,97
1,29 ~ 12,43 6,36 12,12
29 2, 50 ~¥,02 5,21 9,43
30 4,96 ~ 5,06 5,01 8, 68
0,46 - 0,56 0,51 0,88
31 0,00 0,00 0,00 0,00
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Table A6 Dlstrzbutmns of prmcxpal stresses, prmmpal shear stress

and Von Mmes stress at the web/ﬂange Jomt above tlie neutral axis

{Case 1 loadmg) " o N e

Node Max. prin. Min. prin. - Prin. sheay Von Mises
stress (MPa) stress (MP&) stress (MPa) stress (MP&)

1 0,00 0,00 3,00 0, 00 o
2 13,61 ~ 5,85 0,73 17 _30
3 37,41 - 8,18 2,79 : 42, 09
56,85 - 37,63 47,24 82,39
4 25,82 - 6, 65 43,24 - 78,89
5 11,88 -92,46 52,14 98,88
6 ©7,68 —101,49 .. 54,56 105,51
T 4,98 —108,57 56,77 111,14 |
8 3,27 -118,77 = 58,52 115,44
9 2,15 —117,16 59, 65 118,25
10 1,34 107,25 54,30 107,98,
11 0,69 -~ 83,14 . 43,42 - 86,49
12 0,46 ~ 79,58 40, 02 - 79,81
183 0,36 - 79,65 40,00 79,82 -
14 - 0,11 - 84,60 42,35 84,65
15 0,01 ~86,64 . .43,32 86,64
16 0,02 — 85,88 42,95 85,89 ;
17 0,13 — 82,46 41,20 82,52
18 0,3¢ - - 76,51 38,43 76,69
_ 0,24 - 13,09 - 87,12 74,11
19 0,46 - . —68,69 ° ~ 84,57 68,92
20 0,77 - 62,09 31,43 - 62,48
0,03 - 61,35 30,62 61,37
21 © 0,18 ~ 57,83 29,00 - B7,91
22 - (,41 = 52,16 26, 28 52,36
i 23 0,82 44,55 92,69 - 44,97
N 0,64 - 41,95 21,20 42,97
24 1,06 - - 36,06 18, 56 36,60
2 L0 ~ 29,42 15, 87 30,31
L 0,09 — 27,80 13,94 27,84
26 0,31 —~24,46 12,88 . 24,61
27 0,72 - 19,77 10,25 20,14
28 1,56 —~ 14,13 7,84 14,97
1,29 ° ~ 11,43 6,36 12,12
29 2,50 7,92 52 9,43
30 4,96 ' — 5,06 - 5,01 8,68
0,46 - 0,56 0,51 0,88
31 0,00 0,00 0,00 - 0,00
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‘Table AT Dnstnbutmns of pl'lnc:lpal stresses, prmcnpal shear stress

' and Von Mises stress at the main T-beam welds above the mutml
" axis (Case 1 loadmg) ,

" Node Max. prin. Min, prin..  Prin. shear " Von Mises
stress (MPa) stress (MPa) stress (MPa) stress (MPa)

1 0,00 0, 00 0,00 0,00
2 14,24 —~9,28 11,76 20, 52
3 . 33,35 ~15,21 24,28 - 43/02
63,77 ~55,64 59,71 10‘3,5“§E"
4 40,34 - 64,39 . 52,36 91,40
5 24,16 ~7R.37T - 49,76 80,92
6 16,52 ~'78,05 47,29 e A
7 11,14 —81,05 .. 46,09 " 87,15
8 1 7,44 . -~83,97 . 46,70 87,98
9 ., 4,9 —86,44 45,67 80,00
10 2,96 —~82,27 42,62 " 83,79
11 T 1,45 - 70,40 35,92 71,14
12 0,94 . 66,39 33,67 66, 87
13 0,73 ~60, 07 33,65 66, 93
14 0,22 -T,25 . 35,28 70,38
15 0,02 -~71,71 35,88 71,72
6 004 ~71,02 35, 53 71,03
0,2 —68,25 . 84,45 68, 38
18 0,70 ~83, 5 32,12 63,90
4,50 ~€1,60 ' 31,05 61,85
19 . 0,04 57,48 ° 29,19 57,01
20 1,57 ~52,32 26,96 . 53,12
| 0,07 —50, 89 25,44 50, 85
21 0,33 ~48,00 94,17 48,17
22 0,83 ~43,55 Co22,19 43,97
23 1,65 ~37,69 19,67 38,55
1,29 . ~35,58 18,43 36,24
24 2,09 ~31,14 16,61 32,23
25 3,28 26,27 . 14,78 - 28,05
0,19 —28,17 11,68 33,2
26 0, 62 —20,60 10,61 20,92
27 1,43 - ~17,12 9,27 17,88,
- 28 2,88 ~13,15 8,01 14,80 °
2,33 --10,86 6,50 12,19
29 3,97 - 8,56 6,26 11,09
30 6,48 - 6,63 6,55 11,35
| D, 59 —0,74 0,67 1,18
31 0, 00 0,00 0,00 . 0,00
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A.3.2 FalllTre critical stress areas
r _

In this section eleven areas along the length of the main chasms I-beams are

identified as bemg pouaable faiiure sites. The first four positions are apparent
R

I

trom the stress dxsisnoutmns of Section A.3. 1 and are as follows

r

- Btress st extreme ﬁbres of the top flange ut maxlmv*'u }ndmg moment
{om = 92,60 MPa).

~ Stress in ﬁpper main Ibeam welds at raaximum bending moment

(om = 71,72 MPa)

~ Siress at ext"ema fibves of the top ﬂange at maxizmm be:ndmg stress
(o = 128,4 MPa). '

-~ Stress in upper main I-beam welds at maximun bemdmg glress. N

(04 = 89,00 MPa).

The remaining seven areas are gnalysed in the following pages. Al eleven |
positions are discussed in geners] in Section 4.3.3 in Chapter 4. o

a0

As in Section A.3.1, all of the analyses that follow are undertaken for pseu(':io- &
dynamic (Case 1) loading since the maximum loa.ds in each case occur under i

these loadmg conditions.

- I3
£

Stress at torsion tube bolt hole nearest to maximum
bending moment

For Case 1 loading, node 16 is close to a pair of torsion tube bolt holes, each
of which causes a concentration of stress whmh can be related to the principal

stress field at the hole position,
{,
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NCDE 16 X
Figure A6 Bolt holes nearest to position of maximum

bending moment -

Tnterpolating linearity between the bending stresses at nodes 16 and 17 in
Table A4, the extreme fibve bending stress at Section A-A in Figure A8 ia:

op = 180,13 MPa

The principal stress of largest magnitude will oceur at the upper of the two
bolt boles since, firstly, it is further from the neutral axis and hence bending
stress is grea.ter, and secondly, since the longltudmal dm*ct stress is of the

same sign above the neutral axis (ie. compreaswe)
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Calculating stresses at the centre of the upper bolt hole: . o mf
-, ’ ’ ’ : T i .
300 - 162\ , | |
= (2R =202) (_go,18
) ( 300 )( &9 .)_
= *-41, 00 MPa
From Table A2,'i;he bngitudiﬁal stress at Section A-A by linear interpolation
is: ,, : i
o1 = 2,47 MPa
S:‘xmmmg stresses in the m-direci;it;ri;’
0y = —43,47 MPa
The shear force at section A-A by linear interpolation from the results c>f
Appendix B 1s:

V = -9,61 kI
Hence, the shear stress at the upper bolt hole is glven by:

Yag
tal

W

where

A = 5420 rm?
7 = 268,8 mm
ty = 10 mm

I =8,1941 x 10° mm* (refer Appendix B) . ‘i‘*\

i
i
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Thus - - o . @ |
r=1,709 MPa - | P
\\ o - . o S -

Thenpriﬁ‘{:i_pal stresses at the apper bolt hole position are then: L L
a' | [ ' ' . s
z . - _

o1z = + Ll ! a : S

that {s ’ )

oy = 0,067 MPa - - ©

g = 243,54 MPs

.Multlplymg both of these pnnczpal stresses by a stress concentration factor

of 3 (refer Saction 4. 3.3) and applymg the Von Mlses failure d):tenon for o3
zeRp:

(o1 =2+ a1+ 0’2.2 .5'2'6';;15 2 - 3
(0, 201 + 130,62)% 4 (0, 201)2|+ (—130,62)? < 20,2 .
that is ' o - " | "
om = 130,7 MPa < oy,
where oyt = ag,2 = 260 MPa for the Anticorodal -112 alloy
(refer Section E.1.1). '-
. )
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= 1,700 MPa

| .‘ ,f":lh

. I

The principal stresses at the upper bolt hole position are then: J'(

; : B

¢ P . -

= ()G o
that is ' - b )
I - I I e

o = 0,067 MPa

o2 = ~43,54 MPa

- Multiplying bothy.of thése princifm] stresses by a stress concentration factor
of 3 (refer Section 4.3.3) and applying the Von Mises failure eriterion for o

ZeTO:
(5‘1*02)2_401”4-022&2;,,2 | , N
(0, 201 + 13{}, 62)2 +(0,201}2 + (~1830,62)% < 20, z
that isj

- Oy == 130, 7 MPa < oy E
where cyi = 092 = 260 MPa for the Anticorodel ~112 ulloy-

(refer Section E.1.1),

i

J.
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Stre?ss at the position of Mum ﬁrz;m\;jrérse‘ s];ear‘;_hsi”:rgssn _

. Mamrmm transverse shear stress ocours at the newtral axis ak the kmg—pm
( node 8) under dynamic loading conditions (je. Case 1 .hadit}g).l |
From T‘;ble "Ag:

Trmaz = 520, 95 MPa

The total stress along the neutral axis of the beam at node 3 (ie. o3) :ié_ equal
‘to the longitudinal divect stress (op = 0 ai the neutral axis).

e

-

From Table A2:

op = —8,50 MPa

=Ty

The principal stresses and the principal shear stress are thus: o

i
01,3 = (%) -l:V %{)s + 12 |

that is

oy = 48,87 MPa
oy = 57,37 MPa

and

=y (5)
= 53,12 MPa
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Ap;;lying the I:Von i\fi‘isgs i.'ailur;i:riteqitm for 0‘3 = 0 ﬂ o e
(01« 02)* + o} ;I-ag < za,g 2
that is '.

o = 92,10 MPa < 06

| where oy == b‘u",g == 260 MPa. for the Anticoredal ~112 aluminium allo&
{refer Section E.1.1). S

Stx:ess in lower main I~beam welds at maximum sheay force

Uudex élynamic loadi;g conditions the maximum shear force oc&um.\%at the
kmg pin. Maximum stress in the main L-beam welds at this sect:qn will be
below the neutyal axis where the bendmg stress is of the same sign as the
lo;3g1tudmal direct stress. From Table A3, the shenr force at the king pin is:

= 136,27 kN

The shear stress in thé_weh!ﬂange"welds is gwen by:

V Aj
= i‘-zI

where, referritg to Flgm-e A7 and apprommatmg nhe shape of the ﬂange .

extrusion to that of 8 mmple T-shape, fe:



it

A =4500 mm?

§=131,1 mm

b == {2)(0, T07)(6)

== 8,484 mm
I 15000 x 10° mm®* - (yefer Appendix B)
Thus:

r = 59,56 MPa

e Remmear
o B3y e

10 fn ~—el L—

Figare A7 Main chassis I-beam cross-section at the king pin

v
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From Table A4, the extreme fibre bending stress at the king-pin it
op = 232,15 MPa

The bending stress at the web/Hange welds are then given by (refer
Figure A7) |

., (145-"70 i
o= (“"“ﬁ‘%‘“) (32, 15)

M
)

= 16,63 MPa
 The longitudinal stress at the king-pin from Table A2is:
o1 = ~8,50 MPa

‘The maximum direct stress in the direction of the longitudinal axis of the

bearos is thos:

Oy =0y + oy

= —25,13 MPa

Whence, the principal stresses and the principal shear stress in the lower

I-beam welds at the king-pin are:

U1,2 = (%) £ \/ %5)2 "'sz |

_a:nc?




that is

oy = 48,31 MPa
oz = —73,4¢ MPa

7y =2 60,87 MPa

Applying the Von Mises failure criterion for oy m 0
{0y = 2)* 4+ orj-;- 03 < 2op

that is

Om = 106,18 MPa < oyt

where oy = g = 110 MPa for the Anticorodal -112 alumi_xﬁum alloy in
the welded condition (refer Section E.1.1). Note also that the pzinecipal shear
stress in the welds at this position is less than the allowable wéid:'ﬁ.}‘zear yield
stress of 65 MPa (refer Section E.1.1).

Stress at torsion tube boli holes 2 0060 mm rearward of
the king pin

i

'The forward and rearward pairs of bolt holes at the torsion tube/outrigger
position 2000 mra ﬁ‘om the king pin are within 309 mm and 91 mimn respee-
tivel,  uhe ma.ximuin bemiing; stress for dynamic loading (fe. node 9 for
Case 1 loading). Each of these bolt holes causes a sivess concentration which )
is velated to the principal stress fleld in the I-beam web at that point ('refef
Section 4.3.3). Maximum stress will occur at one of the upper two bolt holes
(Figure A8) since these two holes are marginally further from the neutral
axis, and since the compressive longitudinel divect stress over this section of

the I-beams adds to the compressive bending stress above the neutral axis.
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Interpola,ti;xg linearly between node 7 and node 8 for section A-A a.nd betwren .
node 8 and node 9 for section B-B, the extreme ﬁbre bending stresses from
Table A4 are:

Section AA:  op= £117,15 MPa
Section B-B ¢ ey = £121,21 MPa

Hence, with reference to Figure AS the bendm,g stresses at {'.he centres of _
the upper ‘bolt holes are:

o Section A-A: ap = --36,10 MPa
Hection B-B : oy = -40,87 MPa

The longitudinal direct stresses at the two sectiony from Table A2 are:

Section A-A ; o = B, 96 MPa.

Section B-B . opr-5,75 MPyx
Adding stresses in the z-direction:

Section A-A': oy = 42, 06 MPa'.
Section B-B : | 0w = —46,62 MPa

The shear forces at the two cross-sections by interpolation from Table AS:

i
Section A-A : Vo= 71,58 kN -

Section B-B V== 64,67 kN



L
2 :
i
i

"
|
b
]
i

These result in shear strésses at the upper bélt holes of: - .

Sécﬁion A—A I T == 28,87 MPs

Set_:tionnBlB 1 T =19,77 MPa

The principal stresses at the upper bult holes ave then:

Section AA: o = +10,04 MPa
” o9 = —52,10 MPa

| SectionBB: -+ o= -47,25 MPa

o = 53,87 MPa

‘Maltiplying each of these principal stresses by a str;:ss concentration factor
of 8 (refér Seciion 4.3.3):

N i
Section A-A: o1 = +30,12 MPa

| o3 = 156,30 MPa
Section B-B: - oy = +21,75 MPa-

oy = ~161,61 MPa
Applying the Vou Mises failure criterion for o zero', is
(o1 —~ 02} + 6f + 02 < 20,42

Section A-A : om = 173,33 MPa < &y

Section B-B : o = 173,81 MPa < oy

where oy == 09,2 = 260 MPa for the Anticoredal -112 aluminium alloy (re,["er
Section E.1.1}). "
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Stress in main I-beam w b at landi:;.g leg mounting bracket welds

“ The welas between the landing leg mounting bracket and the main chossis
I-bearns result in reduced material strength in the I-beam webs in the heat
.affected zone adjacent to the welds. '

In this section the state of siress in the Ibea.m webs, at the position of the
landing leg mounting bracket welds is analysed for the pseado-dynamic (Case
1) loading conditions. Tn this situation the landing legs are raised. The cuse
of loading via the landing legs, under static conditions and when uncbuﬁﬁng,
is discussed in Section D.4. |

‘I’l{e h.tghest stress oceurs at the lower end of the foremost weld, ie. 65 mm
foxzward of node 12 (refer Drawings CH-04 and LI1-01 in Appendix H). Inter-
polating linearly-in Table A4, the extreme fibre bending stress at this section

152
oy = 82,58 MPa

Refesring to Figure A9 below, the bendir.g stress at the lower end of the weld

s

285, 7 — 92, 4 ._
oy = (__W) (82,58)
55,87 MPa | e

The longitudinal direet stress at this section, by iﬁterpolation from Table A2,

is:

oy = 4,24 MPa
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Summing stresses in the direction of the longitudinal axis of the I-beam:

—_

Gy =Op+ 01

.,
e

=51,63 MPa L
Here it appears that, since the longitudinal siress sub;zra,cts from the bending
stress 1m-rh-en w-direction stresses are surmthed at this section, greater S‘tl'éssezﬁ
would result if an aceelerating 1-g longitudinal load wﬁs used in this ana!!,ysis
insteas of 2 decelerating load. - However, an a,.ccelera,tiné;' longitudingl load
would skew the dynamic loading distribution in the opposite direction to . -

* that shown in Figure A4 and would result in substantially lower bending |
stresses at this section. The resulting m~d.il:re¢i'.ion stresr and the 'princiba.l
stresses can be shown to be less than the siresses calculated for a longitudinal
deceleration. |

From Table A3, the shear force at this section ié:l.
V = 43,23 kN

The shear stress at the lower end of the weld is then givea by:

__VAg
tgl (}' ‘ lln
. where
_A.-=: 4724 mm?
1} § = 268,6 mm
fy = 16 _ mm

I'=7,334 x 10° mm*
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:285.71111'

, Figure A9 Chassis I-beam cross-section at foremost
landing Jeg mounting bracket weld

Hence, the principal stresses and the principal shear stress at the lower end
of the weld for o, = 0 are: '

e

oy = 52,69 MPa

o3 = —1,06 MPa
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7y =2, " MPa -

Appiﬁné the Von Miscs fmium criterion (for 3 =0):
(01— o2 +0? +0k & 2;@,5

that is | L | | _ \x

om = 83,23 MPa <%t. : s -

Hene it is assumed that the allcrwa.hle stresses for the Antlcorodal -112 alu—'
minium alloy in a heai affected zone are the same as for the alloy in the

welded condition, ie. oyy = 110 MPa {refer Section .\E.Ll).

Smularl\f t,ie prmmpal shear stress is mgmﬁcantly 1owe:: ’thm; ﬂze allcwab]e
shear yer(’ siresses foz the welded condition of 65 MPa. (reﬁv : }Ltmn E.l. 1) :

. —
: .

Stress at 'rubbin_g plate bolt_nholes in I-beam ﬁanges

Maxitoum streerf al the rubbmg—plate attm:hm\pnt bolt holes oceurs durmg;
dynamic loudmg at the bolt hole dlrectly in line with the kmgupm, fe. at
node 3 during Case 1 loadmg

From Tables Ad and A2 f;espectively, the extreme.ﬁi:re. bendiné stress in the
lower flange and the longitudinal direct siress at xi_odé 3 ave:

oy = ~32,156 MPa

oy = —8,50 MP&.?,

252



Hiree, botal o-divertion stress i

on
oy o= f -, 18] - (=8, 50
= =, G5 MPu O
Sigee ahiewr L’m = b .?ero-aut the m:treme fibres:
g =ty = =v40,65 MPa
o) .-715*3 : 0
Thd L A L’rmle wﬂl capse a wm.entrat:c;n of stress in the area adjacent to tiae

holv Mult'plymg the- pnnczpal stress by a stress concentration factor ot

(refer Section 4.3.3): §
g = 121,95 MPa
Whence, the Von Mises stress is:

O = 121,06 MPa < oy

where oy =260 MPa for the Anticorodal -112 aluminium alloy (vefer
Section E.1.1}.

Stress in main I-beam web at upper coupler cross-member welds

In this section, the state of siress in the heat affected gzone of the chassis
I-beam webs, at the position of the upper coupler eross-member welds, is”
‘enalysed for pseudo-dynamie (Case 1) Ioading. The stress analysis of the

upper coupler cross-members themsslvwes and associated coupler components,
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