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ABSTRACT

Destructive testing of automobiles is performediétermine the tensile strength for static and dyieastability of
the welded vehicle body or part. The specific dbjes of destructive testing are to detect and ettrriinactive
welds and other production system weaknesses #nanot show up under normal production conditiofi$is will
ensure high system integrity and to determine serlie of the products, processes and the prodo&ystem. The
testing was conducted using the Descriptive desldre sixteen (16) number destructive testing wasuation
using percentile and comparative method. The datkated were tabulated, analyzed and graphicallggented
using Micro-Soft Excel software. The major tools floe test include the Destructive Work Table, Hydic
Spreader, Torque Wrench, Pneumatic Chisel and PeedoProtective Equipment. Hydraulic powered Spegad
with the capacity of up to 700 Bars was used ti 8p¢ welded metal sheets, while Chisel and Hamanemused to
create maximum access for Spreader to enable gpplication. The tensile strength global targets #rat failure
should not exceed 0.5% and 1.0% for safety andsafety welds respectively. The test frequency wascar for
every 3months. The destructive tests result showsndard trends defined by Y = 0.642 — 0.020X fdetyaspots
and Y = 0.986 — 0.013X for non-safety spots. Theradlvresults show continuous improvement despite in-
capability of some production means that questtbegproduction system integrity.
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INTRODUCTION

Destructive testing is most suitable form of vatida of the quality of mass produced product, psscand Welder
certification. The testing is to leads to sustailitgbof the new technologies, production systend groducts.

Destructive testing drives the need for improverseifhis type of test is cost effective. It offereat benefits of
negligible cost of destroying a small number of s compared with the benefits derivable fromtésting. Also,

it will ensure the average of 1,26MWh used to poeda car [1], delivers the minimal acceptable awtoite safety

standard. Conventionally, the Test Sample is stéiieto shock stress or prolonged endurance undendst severe
operating conditions, until the sample actuallysfaihat is either broken or destroyed [2]. Thepmge of destructive
testing is to detect design weaknesses that maghmot up under normal working conditions - whichlide Non-

destructive testing. Also, Destructive testing e@asthigh product, process and system reliability help reveals
the service life of products and means.

The different forms of destructive testing are @raStress, Hardness, Chemical analysis, Metalldgeaiesting,
among others. The common types of welds destruttisting are known as Free Bend, Guided Bend, Brekak,
Impact, Fillet welded joint, Etching, and Tensistt[3]. In the automotive industry, this test nieyreferred to as
Crash Test. Spot welds, Metal Inert Gas (MIG) welMstal Argon Gas (MIG) welds and Cataphoresisst@sta
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physically destructive form are deliberately catri@ut on the car metallic body shell. The testscaried out on
the sample, until the sample practically failspnder to understand the sample's structural pegoom or material
behaviour under pre-determined failure load [4]sthéctive tests are generally much easier to cautyyield more
information, and are easier to interpret than netrdetive testing. For example, in the Housing stdy destructive
tests are more frequently carried out for structwich are to be constructed in earthquake zddash tests are
carried out to verify the designed seismic perfarosaof a new building, or the actual performancarofexisting
building. The tests are, mostly, carried out odadfprm called a shake-table which is designedhike in the same
manner as an earthquake. Simulation of the effétevere accident on automobiles in a particulactbaf
production is revealed in the result of the samgigted. The need to secure the occupant in a ahrthen
environment in the case of accident is the maj¢eailves of this type of test. Also, it is to ensguality assurance
and correct technical auditing of car body; andghesentation of the destructive test results andard forms for
continuous improvement and global certification.

The specific objective of the destructive testing aar bodies or sub-assemblies when safely caoigds to
determine the strength and appearance of spot-Wdld& welds and MIG welds; and other joining opéras in
assuring the quality of a batch of vehicles produddso, the thickness and the penetrative ratpaifit deposit,
especially on difficult to access area of the dmrahe electrolytic process in (Cataphoresigametimes included
in the destructive testing process. The destrudidst provides information to the Welding Experntsorder to
guarantee that the practical quality level of walsvithin the globally acceptable limits. In autobile assembly,
spot welds are classified as either Safety (Cl@83 6r Non-safety (Class “B”) base on their techadiédunctions.
Normally, safety spot weld are majorly for strueturigidity and stability, while non-safety spot ldeare for
reinforced unitization and sealing. The ten typésmnt weld defects aractive and Weakwelds inspected by
destructive means, whiléMissing, At-edge, Beyond-edge, Wrong position, dPatibn/Burnt, Deformation,
Rags/Splash/Projection, and Indentation-mesdds are detected by visual inspection. Globalig, tensile strength
targets is that failure should not exceed 0.5%ka68b6 for safety and non-safety welds respective)\g].

MATERIALSAND METHODS

Most manufacturing factories employ systematic pet#ive operations in the production process foass
production using new technologies. Past productaords help in fine-tuning the testing procedaretésting each
unit in this industry. Thus, the descriptive instent of design was used for the testing, data cidie and
evaluation of prospectively collected data cover@ngeriod of 4 years (that is sixteen-16 conseeudivd periodic
destructive testing) using percentile and compasatnethod. The data collated were tabulated, aedland
graphically presented using Micro-Soft Excel softsva

Materials

The major materials required are:

1. The Sample is the Body-In-White (BIW) — A completr metallic body shell. It may be car body subexse
and some Jigs production (may have Cataphoresisgha

Destructive Work Table,

Hydraulic Spreader (700Bars),

Pneumatic Chisel,

Torque Wrench,

Wire Brush and,

Personnel Protective Equipment /Safety Gears.

NouakwnN

M ethod

The Audit Technician issue a job request for thefgpmance of maintenance operations and certificatf all

equipment in the shop before the destructive tpstration. The test sample is selected at randoougr an

unbiased approach. The test is carried out immagliaising Destructive Testing Process Sheets onstie

assemblies or complete car bodies welded in thenaloproduction process. The report on the weldingsg
parameters monitoring operation is to indicate Meaapability. The test start from removing the rpafel,

followed by the roof cross-members, then move frtra rear-to-front end of the car left body side lehi
maintaining structural rigidity, same approachadiwed on the right body side, scuttle manifoloading floor,

front floor, front side-members. Where feasible thsting starts on welds classified as safety sveld
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The safety of the operators must be respectedtySRides requires no more than three (3) occupdntsg the
testing and all the other personnel should be loetiie Operator using the tool during the testingrafion. The
Operator must ensure all the safety cautions arghadshop environment and within the shop are cetalyl
observed and respected by all. These 16 tests aoaducted with respect to the safety rules and ggapdication

on the use of Hydraulic/Pneumatic or manually p@&delChisel and Hammer according Destructive Test
requirements as indicated in the spot welds madnggplan.

Frequency and Duration of Destructive Test

Destructive test is conducted once in every ThBecélender months for production of less thanairatto 250
cars per day. Otherwise, it is once a month foh ligpduction rate cars greater than 250 cars peridee duration
for executing the Destructive Test is Twenty-Fd#)(working hours broken into Eight (8) working megper shift.

Destructive Test Procedure

The Destructive testing technician will sequergiaheck for defects visually then destructivelyngsthe welding
assembly manual as standard reference book. Hiesttucker studs, screws and nuts are checked llyisioa
missing, wrongly positioned and not perpendiculefedts. The base of the studs, screws and nutsisually
inspected for burnt, perforations, welding rag$pdaations or indentations. On the thread, checkvelding rags,
scratches and burnt is done visually. Torque wreclalue that is greater than 12.0Nm is used detwely on the
Tucker Studs, Screws. The Test starts from thenengpmpartment, then car interior and boot compamtnirhis is
to test for the strength of the weld at the bashefPart.

Inspection of Spot Welds on BIW during the Desivactest

The audit technician will check visually for defeduch as missing, wrong position, insufficientgbnand bad
appearance of welded beads as per illustratiohenCtar body Assembly Manual. Example of bad appearare
rolled up, curved, concave, cracked, small crostise unfinished bead or bead with a pierced dheeisides.
Similarly, this is followed by visual detection afpot weld defects such as missing, wrong positlmn’s,
perforations, welding rags and projections, indéona on the spot on the assembly as per BIW AbfeManual.
Subsequently, the physical destructive form ofitgsto reveal inactive and weak spot welds commédrycthe use
the of hammer and chisel to create access fomptteader from the front left and right hand sidethefroof. Similar
approach is used to create access for good sprapgkcation on other car body parts as descrilvethe Process
Sheet for Destructive Test. This is executed asSpacification/Norme B13, 1226 [6] and B13, 1220, [@hd
Destructive Test Visual lllustration. Similarly,dativeness and insufficient weld or sealant bea@fuon either of
the joined materials is evaluated. This is donagisihe BIW Assembly Manual. When required, the BBAoated
with Cataphoresis-Electrolysis deposit before thgt.tAfter the destructive test, measurements aépgb@resis
thickness on metal sheets, especially car bodyianterhere three or more metals are welded togeth&aken to
assess the penetrative power of the Paste infoudtffo access zones of the assembly.

Reporting Destructive Testing

Defects found by the Technician must be immediaséigwn to the Operator, Team Leader and other ptimfu
related Managers using the Defect Alert Form. Thelify Assurance personnel should stop the prododit the
affected Workstation and consequently perform tlegia Non-Conformity Follow-up check according toet
defined procedure. Internal Alarms are raise wrefetg and/or regulation defects are detected dutiegnormal
production activities.

At the end, a comprehensive Destructive Test Repadispatched. The report on each defect includiregspot
weld identification n°, class of weld, type of deffeequipment n°, reference chapter from the prbdmananual,
post of operation, part name, and entries on thieective actions taken, test after correction fatidation and
remarks are made to the complete entries. Constgutite result are presented to the authouritietabular and
grahic forms.

The present work surveyed the destructive testliteepatterns and reasons for variation from eadymssive
testing period. From information gathered using éheve methodology and computations made, targetthé
future results are agreed and recommendation fpteimentation shall be made to assure improvemetitowt
compromising production process and product quality
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RESULTSAND DISCUSSION

Peugeot Automobile Nigeria factory assembles asgein CKD, a mid-range economy vehicle. The pctidn
rate is 36 Sedan-vehicles per shift. Welding spots executed through 37 welding guns equipped tvith
programs and network controls parameters, thafsiggua monitor that cuts automatically the cirafitpower
supply to the welding system as soon as that thespre of the air falls under a threshold of 515 ba temperature
of the cooling water exceeds 37 °C at the entraficeater circuit, or that the tension of currenuisgder the 385V
for a nominal voltage of between 400 and 420V. $pmt weld, electrodes are dressed by cleaningestaping to
deliver 6mm diameter electrodes-to-materials cdnsacface or working area during welding with betteermal
resistance to meet safety and economic needs. Tpesating conditions is are to ensure at least 4pat weld
slug diameter or nucleus or core is maintained af#ding and the subsequent pull-out of uncoatezirec coated
steel sheets using a tensile test machine. Thespbt weld is declared “Active” weld.

Total number of spot welds put on the vehicle i§&Qonstituting of 724 safety and 2342 non-sa$gigt welds.
Also, welded are 30 Tucker studs, 22 Nuts, 55 MI&@/and 25 Mastic application point. This excludes welds
produced by a supplier of Parts or Sub-assemblies.Tensile Strength Quality target of not excegdirtb% and
1.0% for safety and non-safety welds respectiv&]yrhiplies that, more than 3 safety spots weldifailand or more
than 23 non-safety spot welds failure respectiwely result to production batch and process failufee Tensile
Strength welds failure includes inactive, weak, sinig; burnt/perforated welds and spot weld beydrededge.
Excluding the other appearance defects will inédidaositional welds failure. Table 1 shows the desire test
results of 16 sequential samples.

Table 1: Sixteen (16) Destructive Test Results Covering Four Years

Destructive Test (DT) Results Destr. Destr. Destr. Destr. Destr. Destr. Destr. Destr.
Test01 | Test02 | Test03 | Test04 | Test05 | Test06 | Test07 | Test08
Tensie Strength Sspﬁie,,‘x.. %) | 125 0.15 0.78 0.60 0.13 0.80 0.00 0.5
> . Dispersion (nominal)
Quality Indicator Nggc')f?g?fy o) | o057 0.80 119 128 0.41 0.87 0.91 1.20
. Destr. Destr. Destr. Destr. Destr. Destr. Destr. Destr.
Destructive Test (DT) Results | 14509 | Test10 | Test1l | Test12 | Test13 | Test14 | Test15 | Test16
Tensie Strength Sﬁ'gie,,tx,, @) | 050 0.40 0.30 0.40 0.69 0.28 0.41 0.41 0.48
Quality Indicator Nggc')f?g?fy ©) | 120 0.90 1.00 110 1.07 0.68 0.30 0.56 091

Again, each defect gives rise to correction onpteelucts and production processes. This is exe@aftedanalysis,
verification, processing of the work-in-progressl @amplanting the review of the processes on appsova

The result on Figure 1 shows a downward Zig-Zagepat The audit result attained for the processr afestructive
test-2 was used to calibrate the process, systehthanfabrication factory agdpable’ at the Launch phase of the
destructive testing project. This was the first tDedive testing on cars in Africa. The trend idided byY = 0.642
— 0.020X with the worst and best safety spots result atlg4t25%) and test-7 (0.00%) respectively. Sinyléor
non-safety spots, the trend is definedYoy 0.986 — 0.013Xhaving the worst and best result is test-4 (1.2886)
test-15 (0.30%) respectively. From the action pleport and as displayed in Figure 2, significariufas were
recorded at test-3, test-4 and test-13 principfiyn wrong Operators posture during welding and Hest
production system certification was at test-5 arsd-7. Subsequently, the same defective spot wedds not found
over 5 consecutive audits after destructive testeltalidate the global system capability. These faom known
and announced fi-capable’ welding guns that were replaced due to econosdities.

Also, the test result was used on the current potholy, for setting the thresholds for engaging tiedyg actions
over the method, surveillance plan, product andréugification process. Thus, the result of testid3rom poor
reactivity evident from the trend from test-11 desuGenerally, it is acceptable for factory mamagat to set
performance targets for safety welds using montilgrages, even yearly averages within welding tyuali
management. When necessary, it is acceptable fogdgon approval to be made on the doubtful sedtaving
safety defect when correction is not possible m ithmediate for certain batch of production. Theodation is
considered, when there is no defective weld orfiteetwo spots at one or other end of the linespdt welds. The
failure limits of 0, 1, and 3 safety spots for 29%t0 10 to 19 and more than 19 spot welds perdingroup of spots
respectively is globally acceptable in the industry
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EVOLUTION of DESTRUCTIVE TEST RESULT
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Figure 1: The pattern of the Destructive Test results showing improvement
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DTO1 |DTO2 | DTO3 | DTO4 | DTO5 | DTO6 DTO7 DTO08 DTO9 DT10 DTI1 | DT12  DT13 | DT14 | DT15 DT16
1Qs.T.A% 1.25 | 0.15 | 0.78 | 0.60 | 0.13 | 0.80  0.00  0.50 0.50 0.40 0.30  0.40 | 0.69 | 0.28 | 0.41 | 0.41
IQS.T:B % 0.57 | 0.80 | 1.19 | 1.28 | 0.41 A 0.87  0.91  1.20 1.20 0.90 1.00  1.10 | 1.07 | 0.68 A 0.30 | 0.56
IQS.T:ALimit, 0.50 0.50 | 0.50 | 0.50 A 0.50 | 0.50 | 0.50 0.50 | 0.50  0.50 0.50 0.50 | 0.50 | 0.50 | 0.50 | 0.50 0.50 | 0.50
IQS.T: B Limit| 1.00 = 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00  1.00 | 1.00  1.00 1.00 | 1.00 | 1.00 | 1.00 | 1.00  1.00  1.00

Figure2: Histogram of the sixteen (16) Destructive Test results

CONCLUSION

The result of these tests conducted indicates smmtisystem improvement averaging 0.48%. But tisehégh risk
- a delicate potent to approach the unacceptalistaot of 0.64% safety spots weld tensile strefgjthre with the
slightest process deviation. Also, the non-safgiyt sveld tensile strength failure rate of the syst@verages at
0.91% and can easily tend to 0.98% which is clasehe 1.00% limit. Slack commitment to the respeft
surveillance plans and implementation of dedicatetion plans will drift the production to systenfailure as
experienced during the period of test-13. Thus, tjuiestions the integrity of the production syst&herefore trend
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analysis should be monitored and the slightestatfievi should be controlled rigorously to achievedurction
system stability. The destructive testing resulivees evidence-based surety for products, proseasd machines
certification. Thus, with system integrity in pladde consistent application of the destructiva tesve as the
platform for the development of new technologiesifcreased productivity and economic growth incautbile
industry in a sustainable way.
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