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Chrysler Corporation and Lawrence Livermore National Labs have become partners for the express 
purpose of advancing the manufacturing technology at the Kokomo Transmission Plant in Kokomo 
Indiana. At this point the focus is on increasing the performance of the non-destructive inspection 
systems in-use, and extending the scope of automated inspection technology where this could be 

- effective. Our collaboration is a iiniqcc cpgs.rtcnity :o coxnblne the manufacturing expertise of Chrysler 
and the in-depth inspection technology at LLNL to review the 'total NDE' application at Kokomo for 
inspecting metal casting, cutting, joining, and assembly. The particular challenge of this collaboration is 
to affect changes for the working plant without impact on production quotas. 

NDE issues, modifying/developing testbed systems at LLNL to perform technique evaluation, and 
performing initial investigations. The inspection technologies are Ultrasonics for weld and joining 
inspection, visible light and filtered light imaging for process control, Digital radiography for assembly 
verification and void detection, and computed tomography for general casting defects and non-contact 
metrology. In this second phase we are collaborating on the installation of new NDE systems, as well as 
developing prototype systems, and analysis software for use at Kokomo. In the third phase the focus 
will be upon developing strategies for 'data fusion' of the different NDE inspections applied to an object 
and how this data fused information could be better used to obtain the highest part confidence at the 
lowest cost. 

This project is in the second phase of three phases. The first phase consisted of initial diagnosis of 

The goal of this collaboration is the implementation of NDE technology which can obtain new levels 
of performance for on-line inspection of transmission components and castings. Ultimately, we seek 
fully automated inspection and analysis techniques. However, given our present conjuncture in the total 
project we will focus on the design considerations we are applying in two specific instances, and 
illustrate the approach. 

Backmound 

Obtaining the highest part confidence at the lowest cost translates into a number of specific strategies 
which guide our work. The network of NDE systems on a factory floor are an information system which 
can detect changes in the operation of manufacturing processes in a way that enables corrective 
adjustments to be made. Considered as a system, the NDE information must be 'sufficient' for the 
identification of problematic parts and operations, and capable of prescribing a remedy. Finding bad 
parts and removing them from production is but one use of this concept. The best possible use of the 
NDE information is to take the corrective action at the earliest point in the process, in the quickest time, 
thereby minimizing the amount of time manufacturing is not at peak performance. 



Each inspection involves a variety of costs and possible returns for the production process. First, there 
is the cost of the equipment and the cost of fielding the unit. Both of these costs need to be accounted 
for since inserting the measurement into the production line will involve an upfront cost in lengthened 
production and in extra fixturing. We have observed cases where a poor fielding strategy has increased 
the cost and complicated the performance of even robust systems. Second there are the costs of running 
the system and making the measurement; i) the cost in 
the cost of the factory floor space, and iii) the cost of maintaining the measuring device. This latter 
category includes production slow-ups for periodic maintainance as well as the labor cost for performing 
the maintainence. The returns are in the elimination of redundant inspections, and in the reduction of 
destructive testing. As component value increases the latter cost becomes more substantial. Obtaining 
the full return for the costs incurred requires a verification process that ensures the system is measuring 
the intended feature, that system degradation is kept under control, and that the information is handled 
correctly. 

be targeted, and delivered to the factory component which adjusts the manufacturing processes, that is 
the quality teams which are responsible for that part of the production process. Second, NDE systems 
need to be evaluated for the amount of destructive and redundant testing they eliminate. It is understood 
here that improving the part quality is a crucial if not a primary goal, and we assume this will be a result 
of the installation of NDE on the factory floor or the cost of the system is frivolous. Lastly, NDE 
systems need to be networked to obtain a sufficient set of information for many different tasks. We 
admit this last conclusion is not true in all cases, many systems exist which are a single point sufficient 
measurement. However, in the examples we are presenting, and we think this to be increasingly true, 
some type of information integration is required. 

The four general areas for NDE systems are metal casting, cutting, joining, and various types of metal 
treatment. Of these different possibilities we will focus on laser welding and aluminum casting in this 
paper. However, the total effort involves research and development work for monitoring metal cutting 
operations, evaluating part tolerance after case hardening, as well as the inspection of material transport 
systems of various types at Kokomo. We will use these two applications to describe the techniques we 
are using, and some of our activities, as well as illustrate the consequences of the above analysis. 

Three different types of systems are part of the fielded NDE at the Kokomo transmission plant: i) 
inspection systems for verifying the integrity of laser welds on 100% of the parts, ii) radiography, CT, 
gauging and metallographic systems for inspecting castings on a sampled basis, and iii) process 
monitoring systems for measuring the properties of the die casting operation, the laser weld process, and 
the heat treat process. The present systems acquire a variety of useful data and each system resulted in 
quality improvements by identifying less than satisfactory components and assemblies. The next level 
of performance requires: i) better command of the NDE systems by the quality teams, ii) the capability 

-floor rime to m 3 c  the measurement, ii) 

We understand there to be three consequences to the above analysis. First, NDE information needs to 



of networking the different NDE systems, and iii) a reliable analysis of how to use the different 
measurements for adjustments in the manufacturing process. 

Inspecting the Metal ioints in Transmission comDonents 

The joined metal tmnsmi PS the pre-welded metal with the properties of the 
laser welding process. A poor weldment can be the result from either a problem in the pre-welded parts, 
or in the laser process. For the NDE systems to be sufficient they need to include the measurement 
scope and accuracy to distinguish between different conditions in the pre-welded parts and different 
levels of operation of the laser. Our design includes three types of NDE measurements: i) the UT 
inspection of the welded part, which provides measurements of bond quality and weld porosity, ii) 
filtered light measurements of laser beam size, laser beam relative power, and impact position on the 
fitted assembly, and E) measurements of porosity and dimensional tolerance for the pre-welded 
components. These seven variables if measured with adequate precision provide a sufficient set of NDE 
data for making adjustments to the laser weld process. The general goal of our effort in this applicatio is 
to instrument and interconnect systems to enable the adjustment of laser welding process for 
improvements in metal joining operation. 

As mentioned in the previous section, NDE systems need to be targeted and delivered to the quality 
teams on the factory floor. Several Ultrasonic inspection systems are in use for in-line monitoring of 
laser welds on a variety of transmission components. At this point in time the systems are oriented to 
measuring the metal bond achieved in the laser weld. To ensure the UT systems are being operated at 
peak performance, a certification and training effort is underway which includes four objectives: i) re- 
verify the measurement efficacy of the systems, ii) substantiate the working of the system that it is 
finding the expected proportion of bad laser welds in the part population, iii) use this experience to 
design simpler calibration phantoms and procedures for quicker system tuning, and iv) in this process 
provide the training for establishing better UT system set-up procedures at Kokomo. The fmt objective 
in the certification process verifies that the system is measuring the properties of the welded component 
in the desired areas. A number of known 'defective' weldments, with different types of defects were 
passed through the different systems. In the second objective the rejected pool of parts are being 
analyzed to verify the bad parts are being identified as such. For the third and fourth objective several 
classes have been conducted in UT system design and set-up with the emphasis upon gaining expeience 
on the systems at Kokomo. 

The filtered light imaging of the weld process employs an LLNL designed imaging cell which when 
lens coupled to a CCD camera enables the formation of an image of the beam interacting with the metal 
assembly. At this point in time indications are that all three variables; i) beam size, ii) relative beam 
power, and iii) some measure of the target position on the part, are tractable. This filter is being tested at 
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an LLNL configured experimental facility for laser welding which includes three different sources of 
laser light. We are employing a DELL PC-AT for the data acquisition and a MATROX IMAGER-AT 
board for the imaging and image analysis. We intend to prototype this technology at Kokomo in the fall 
of 1994. 

Radiography will be used to inspect the pre-welded transmission parts on an as-needed basis using the 
present film radiography hcilities at EEdcoma. -S;ome--tr ng..will beprDvide&by LLNk to the 
transmission assembly staff to support this effort.. However, this is expected to be a small component in 
the NDE workload, since the quality control on the pre-welded parts has been good in the past. 

If the NDE measurements are good, the problem becomes just how to utilize the different types of 
information from the UT inspection and the imaging of the laser weld process. The different inspection 
stations pass a rather small amount of data, and this makes the networking easy, but how to process this 
information into a recommendation for changing the process occupies our attention at present. The 
precision requirements of the NDE measurements become more critical since each recommendation is 
only as good as the supporting data. At this point in time we are obtaining data on the precision of the 
UT and image data at the experimental facility at LLNL. We hope to begin testing a prototype system at 
Kokomo in early 1995. 

Pressure Die castinp of Aluminum parts at Kokomo 

The aluminum die casting operations at Kokomo are both high volume and involve a wide range of 
different size castings. A large number of variables affect the quality of the aluminum casting, as 
measured by the dimensional sizes of internal features and the amount and position of the porosity. The 
heart of the system is the pressure die casting machine itself which combines the property of the die, the 
properties of the injected metal and the injection process. Our approach has been to evaluate the dies 
taken out of service with metallographic testing at LLNL [SUNWOO94], optimize the workings of the 
NICOLLET shot pressure monitoring system which is being implemented for several die casting 
machines, and iii) develop Digital Radiographic (DR) and/or Computed Tomography (CT) imaging 
capabilities for tracking the amount and distribution of the porosity. The die evaluation is a long term 
effort, and will continue throughout the project. On the shop floor we are attempting to connect the 
NICOLLET shot monitoring system with a digital radiography system which can measure and track the 
porosity in the casting. 

The NICOLLET monitoring system can obtain some 45 different measures of shot pressure and metal 
properties and associate these data with a casting event, and or part number. The castings are being 
evaluated with digital radiography and CT to measure the porosity distribution as well as the 
dimensional tolerance for internal walls. The NICOLLET system measures how the casting was made, 
and the radiography/CT measures the quality of the casting operation. As such, the two sets of 



measurements form a sufficient set of NDE data for tuning the casting operation. However, as in the 
previous case, this is true only if each of the variables can be measured with sufficient precision and 
reliability. It is part of our joint work that we calculate some measure of error for both the quantities 
recorded from the NICOLLET system, and the measurements calculated from the radiography and CT 
scanning. 

of the different measurements the calculations from the radiometry is not straightforward. Automating 
the calculations of porosity and dimensional tolerance from the radiography and/or CT requires 
development work. In spite of the high quality imaging which can be achieved with film, the necessity 
to obtain quantitative data has focused our efforts on developing digital radiographic (DR) imaging 
techniques. We have divided this work into three phases, i) specifiying the requirements and selecting a 
digital imaging configuration for scanning castings, ii) developing techniques for quantitative 
determinations of porosity and dimensional tolerance from DR and CT of castings, and iii) 
modifyinghpgrading the systems at Kokomo to perform the DR and CT to demonstrate proof of 
principle. 

At this point in time we are in the second phase of this work, and have established the viability of the 
scintillator glass to camera technology assembled at LLNL for performing radiometric evaluations of 
Chrysler castings. The system used at LLNL combines a PHOTOMETRICS 1024x1024 14-bit camera 
lens-coupled to a a piece of the LOCKHEED-IQI [PLA90] high-density glass with a PHILLIPS 450 kVp 
x-ray machine source. The system can be configured into several fields of view; 1.3, 1.9,3.0,4.0,6.0, 
8.0 and 11 inch fields of view with different lens arrangements. As shown elsewhere, the system can 
obtain constrast down to 0.2 percent, with a spatial resolution of 89 microns (as measured by the FWHM 
of the PSF using the ASTM procedures). Figure 1 contains a radiographic image of a small casting with 
a corresponding line-out. This system also includes the ability to acquire volumetric 3D CT, and Figure 
2 contains some slices of the same casting taken from the reconstructed CT volume. 

While it is part of the calibration p b e  for installing +he NUCOLLET system to establisbthe variability 

Summary & Conclusions 

Chrysler Corp. and LLNL have entered into a collaboration to enhance the NDE technology at the 
Kokomo transmission plant. The entire project spans three years and a wide variety of different projects. 
Our goals center on making NDE systems more automated, more reliable, and more capable of avoiding 
destructive testing. In order for this to occur, NDE systems need to be better utilized by the quality 
teams on the shop floor, and better connected to provide in one place a sufficient set of data for 
identifying problems in a manufacturing operation, and prescribing an adjustment. We have illustrated 
our approach on two different manufacturing processes, laser welding and pressure die casting. In each 
case we are attempting to combine data from different NDE systems to enable a decision on an 



adjustment in process variables. We see this as a key hurde in the development of NDE systems and 
their ability to M y  contribute to the improvement of metal based manufacture. 
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