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Abstract:  NorthWest Motor Welding is experiencing a severe problem in
warranty clams from customers. An analysis of the warranty data has
revealed that a high percentage of these claims were generated by just three
cylinder head types within the Caterpillar rebuild line. The authors
performed an analysis of factors that might be causing this situation.
Potentia solution were recommended: Temperature controlled cooling
process, serialization of heads for tracking and process control, temperature
control ovens for heating and welding of cracksin heads, temperature
measuring devices for measuring the heads during welding and cool down,
and standardization of weld process.
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EXECUTIVE SUMMARY

NorthWest Motor Welding is experiencing a severe problem in warranty
claims from customers. An analysis of the warranty data has revealed that a
high percentage of these claims, both in dollars and in number, were generated
by just three cylinder head types within the Caterpillar rebuild line. The Quality
Team performed an analysis of factors that might be causing this situation. The
team recommended five potential solutions for conSIderation

. Temperature controlled coOlin’g p,roceés
« Serialization of heads for tracking and process control
. Temperature control'ovens for heating and welding of cracks in heads

. Temperature measuring devices, for measunng the heads dunng
welding and cool down

. Standardlzahon of weld prooess
None of these potentlal solution, by themselves will generate a complete

“solution. The team feels that a combination of these efforts will achieve success.
‘We strongly recommend adopting all five attematlves
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L lNTRODUCT!ON |
“The NorthWest Motor Welding Co specaanzes in mdustnal dnesel engine
repair and overhaul. The diesel englne components that require rebuilding are
usually received as mdw:dual items through a core exchange program common
in the automotive mdustry For reasons that will became clear later in this
Adocument the team deg:idgd to focus on the cylinder head rebuild process. The
~ cylinder heads received are ordinarily refefred to as raw core> The raw cores
are inspebted upon receipt énd n‘ecessary ‘repai‘rs are determined.‘ Common
‘types of repairs that are necessary include welding cracks in the combustion -
surface and remachmmg the cylinder head to rebuﬂd specifications. This
process takes place in a mlxed jOb shop and an assembly line envuronment at
one of the plant locations i ‘m the Portland area. / |
Wafranty C'Iai'rns have been a signiﬁcant cost areain the overall ﬁnancial
plcture of the company Past attempts to reduce this cost area have seen some
‘success in the short run, but have not been very successful in the long run.
.‘ Once ‘management attention xs deflected toward some other area of the
- company, the process tends to return to prevuous levels of warranty clalms No
long term solutlon to this problem has been found. ‘
The management personnel of NorthWest Motor Welding have not had
any formal Iraining in Total Quality Managemént tools and,techniqqes. While .
they aré_familiar with the term and have read aboutthis area |n périodicals,y no .
cnllectivé‘practical experience exists. None nf thé non~management'personnel
‘have had any experience either. The President and Shop Foreman weré
receptive to attempting some new ideas to solve this problem area. This
project will atte‘mpt to provide some analysis of the ;:Srnb!em and recommend

solutions to reduce the size of the warranty claims.



Il. BACKGROUND

A. Problem Definition

NorthWest Motor Welding Company is determined td reduce the nuyn‘}b'ery
of warranty claims generated by its ciJston}er‘s, The team has analyzed the
major wérranty claims information and warranty cost information through the use
of Pareto AnaIySis techniques. Copies of the Pareto ‘Charts are included in
Appendix A, at the end oflthis report.

The results of this analysis indicate that the majority of the warranty
claims are generated by the Cylinder Head RebuildFacilify; This hoids true |
~ whether We are analyzing the information by number of claims or by costs. As
the charts in Appendix'A indicate,kth.e Cylinder Head Rebuild Facility acoounts
for approximétely,aspercentrof the warranties when considering the number of
B 'warranties r"ecorde'd‘over the last year (Appendix A, Chart 1). When considering |
~the costs associated with warranties, the Cylinder Head Rebuild Facility
accouhts for 75 pe‘rcent‘ of the total warranty costs over the last year (Appendix
A Chart 2). These resuits clearly indicate that‘focusing our attention on the:
Cylindér Head Rebuild Facility would hold the greater oppcrtunity for significant
cbst and quantit-y of claims reduction. | |

o Next we selected out the warranty information pertaining only to the
Cylinder Head Rebuild Facility and reanalyzed the info’rmétion. Thé recorded
defect code for each warranty was grouped into five problem areas; valves,
‘cracks,“assembly, machiniyng, and shipping. A Pareto analysis was again
- conducted on this subset of the data, both by number and by cost (Appendix A, |
Charts 3 and 4). The valve grouping had the highest quantity and cost with the

cracks grouping just slightly mer in n_umb,er and cost. A discussion with the



Cylinder Head Shop Foreman révealed that the shop had recently changed
rebuild proce‘sseé concerning valve séaté and valves on the Cummins Diesel
Line that had significantly reduced the number of valve related defects. Based
in this information the team decided to shit its focu_s ,dn \)aIVes to the next most
significant problem area, the cracks. | |

One of the team members suggested we also analyze the dafa by
~grouping the information by original ma‘nufaéturer; Catefpillar, Detroit Diesel,‘and
Cummins Diesel. The résults of this Pareto analysis are depicted in Appendix A,
(Charts 5 and 6). When considering the ~numbe_r of clairhs, Cummins Diesel !
registered a clear majority with over 50 percent of the claims. When considering
the cost of the claims, Caterpillar was slightly ahead'in costs. A discussion with

the Shop Foreman revealed that many of ‘fhe' warranty claims for the Cummins

| Line weré the reéult Of leaking injector‘copper sleeves. The process for inserting
t‘he new sleeves dUﬁng the rebuilt process had been modified through the use of
- anew insertion tool. This had eli’minated the warranty claims for the leaking
injector copper sleeve.problem. Based on this information the team decided fo
focus on the Caterpiliar Line. | A

Selecting out the warranty information on the Caterpillar products .
produced the Pareto Charts depicted in Appendix A, (Char_ts? and 8). These
two charts clearly indicate that within the Caterpillar Li-ne,' cracks are the most
preValeht prdblem, both in terms of quantity and cost. On the basis of the above
analysis the team decidéd to focus their efforts toward finding ways to reduce the
number of warranty claims due to cracks on the Caterpillar Rebuild Line.

Within the warranty information on the Ca’térpillar products, selecting the
data on cracks by type of cylinder head produced the chart that is de.picted_ in
Appendix A, (Chart 9). From this data the greatest number of warranty claims

are from three types of cylinder heads; 343, 3306, and 3406. Selecting these
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three cylmder heads provrdes a project size that is possrble grven the trme and

resource constrarnts that the team must work wrthm

B. Rebuild Process

- The cylinder head rebuilding process consisted of four basic segments:
(1) cylinder head prepsration, (2) welding, (3) machining, ar'rd (4) ass’embly.
~ All of the operations except for welding are performed in the main shop‘area
| ~ Welding is done ina separate room. The flowchart in Appendrx B provides a |
plctonal dlagram of the process broken down into steps |
| Preparatron consists of inspection and drsassembly, whrch are often done ‘
in conjunction with each other. lnspectron is done usmg magnetsc particle
“powder and applying an electric field to local areas of the head. Cracks m’rerrupt |
- the field which affects the drspersron of the powder thereby indicating the
xlocatron of the crack Any cracks that are found are marked wrth a heat res:stant
~ white paint. | | | |
Disassembly consrsts of removrng valves, rocker arms, springs, valve
seats and gurdes mjectors fuse plugs and other mrsceﬂaneous removable
components. The head i is then cleaned in a hot tank with an alkaline solution.
If rro cracks are found and the head‘ meets dimensional specifications, it is
sent directly to pressure test and finish machining. However, in rrrost cases the
heads are cracked and/or dimensionally out of specification. When this is the
case, a determination is made as to the feasibility and cost effectiveness ef h
~ repair. Ifitis not pract'ical or cost effective to repair, the head is scrapped. This
evaluation is often made during the disassembly and inspectiori operation .
However, the matenal we!dabmty and extent of the cracks sometrmes cannotbe

; accurately assessed untr! the weldmg process.



‘Heads that need to be welded are prepared by machining out the ihjector
nozzle area since it is often badly eroded. The i_njectyor‘nozzle area wili be filled in
with a plug during thepreparation phase of the welding process. Cracks are not
ground out since it is faster and easier toburh them out With a welding torch." o

When a head has been seleeted for welding "i“t"is then placed, in a brick
oven for preheating. Preheating is accomplished with gas tefches impinging
fgame directly on the head through the epening in the oven. Welders usually |
determine if the head is hot enough to weld by burning pure acetylene gas oizer,

- the head. Ifthe acetyflene gas bu‘ms clean, without soot, the head is ready for
welding. | o - I
Weldirig cast iron is diﬁicuﬁ because of the high carbon content. Since
carbon prevents good metal bonding, carbon plugs are placed mto the ports and
openings on the head to prevent molten metal from flowing into them The head .
must be properly fluxed to remove 1mpunttes from the metal. While fl uxmg)the
welder heats the metal until lt is molten. Castiron weldmg rods are also
preheated and then used as filler matenal The most critical part of welding is a
good bond- between the ﬂller and parent materlal This is especially difficult wnth ‘
 cast iron. Ifa good bond is not achleved the matenal often cracks. The welder | |
completely bonds the weld puddle with the surroundmg parent material and
further fluxes the matenal to remove 1mpuntles
During the weldmg process the welder is preheating another head ina
separate oven., The second head is then welded while the first one is coolmg.
‘A third head is then placed in the oven for preheating and the cycle repeats.
When‘th‘e heads are completely cooled the slag must be removed. The slagis
burned off with a torch‘ because it is easier than grinding. |
The head is then sent to sandblast for cleanup. From there it goes to |

- rough machining where the welded passages are drilled and-reamed to slightly



“undersize, and the welded surfaces are rough machined. Cracks are sometimes

detected dunng these operatlons and, dependmg on the severity, wrll dlctate the
rework method. Severe cracks require rewelding. Less severe cracks are |
repaired by arc weldi ng, pins, ora fiberglass‘crack ﬁlllng compound.

Once the head is acceptable fromrough machining it is sent on for finish
machining, where the head is surface ground to specifications. Excess material
in passages is removed by hand grinding. New fuse plugs for the water
passages are lnstalled and sealed. The head is then pressure tested for leaks in
a water bath using high pressure air. I the leaks and/or cracks are small a
flberglass flllrng compound is used for sealing. Large cracks requrre welding and
or installation of a pin. to prevent crack propagation.

When the head passes the first pressure test it is then sent to have the
valve seats installed. The valve seat areais machlned to the final dimensions.
The‘cylmder head is then sent back for a second,pressuretest. The valve seats
are installed at the pressure test station I t'he cylinder head passes the second

pressure test the valve seats are ground. From there it goes to final mspectlon

- for an overall magnettc parhcle inspection. [f the head i is acceptable then.itis -

alkalrne cleaned and sent to assembly if the product is to have the valves
mstalled If the valves are not to be lnstalled the cylinder head is prepared for .
shipment.

During assembly the valves and valve train components are then

assembled on the head. A vacuum test is performed to Verity proper valve .

seating and sealing. Once the cyllnder head passes the vacuum test itis
prepared for shlpment

The above discussion outlines the general rebuild process on the

- Caterpillar rebuild line. The steps can be catergorized into four basic segments;

( t) cyllnder head preparatlen, (2) weldlng, (3) machining, and (4) assembly.



Reference to the flowchart in Appendix B provides the same information in

diagram form.

C. Welding

1 Preheat Cycle |
The preheat cycle involves heating the cast 1ron cylinder head from
ambient temperature to a working temperature of 1250° F. Tms is aocompllshed . "Cj.w?' |
through use of gas torches that are aimed at both ends of the cylinder head. 3) EWW'} f -
Accordmg to the welders, the placement of the torches are critical so that the
head does not heat too rapidly in an isolated area thus causing cracking due to $w* "
etress buildup The Welders mentioned that different types of heads require

dlfferent torch placement. The welders theorized that the des;gn of the head,

especially the thickness of the water cooling jacket, lnfitiences the ﬂeh%\a& L. ?
L L delecuse b by hial & emnn <
cracklng problems; B wz_:fu«g“ o o o:.q. QLL Cdae Mﬁ?«;“

This precedure was discussed wlth Bill Fuller!, a ESCO Corporation
‘metalvlurgist. Mr Fuller commented that -diyrectplacement of the torches on any
cast ‘iwren‘workpieceeould result in warpage and eventually lead to stress that o
, | leads to cracking and warpage. He mentioned thet the underlying cause for
stress induced cracking is a result of having too high ef a thermal (linear) |
expansion in a localized area. Machinery's Handbook lists the coefficient of
'thermal expansion ef cast iron to be 6.55 x 10-6 inch per inch‘per degree
Fel*n‘rt—;'nheit.2 Applying this information to the large cylinder heads, which are
’ about forty inches in Iengih, means that they cou‘ld eipand by 0.31 ‘inches when

heated to a temperat_ure of 1250 degrees Fahrenheit. 20«4’ ~—J7“"’ T

1Bill Fuller, an interview between Ed Buescher and Bill Fuiter on Feb. 24, 1994 at ESCO Corp N
Portland OR

e MMMMQ_E@M Industrial Press Inc., New York,
NY July 1985, p. 2274



6.55 x 10 -6 in/in/*F x (1250 - 70 *F) x 40 in. = 0.44 inches

: ‘Th,erefo're, when attempting to preheat a cast iron workpiece, the goal should o
‘be to h’eat the entire cylinder head gradually and uniform»ly to the desired kweld‘
temperature. This method will minimize local stresses in the cylrnder head.
Mr. Fuller mentioned that many mdustnes that specra!tze in welding cast
iron use a convection type oven to preheat and cool the workpiece instead of
: using rhe gas torches thatrNorthWest Motor Welding employs An efﬁcient type
'of convectron oven is a recrrcuiatmg oven. This oven works on the principle of
heatrng the air and uses a fan to b!ow the hot air past the workprece to promote
“uniform heating and a controlled temperature. A benefit of heatmg the cylinder
‘head'oy air instead of by direct flame is that the entire head reaches the working .
temperature at the same time, thus reducing thestresses in the workpiece. This
oven could also be employed to cool the head unlformly | .
A drsadvantage of this type of oven is that it needs to be msulated from
the outside environment. Therefore the welders would need to wear insulated
, gloves that are attached to the oven. This may make the cylinder head more
drfflcult to we|d 4 ,
The pnncrple benefrts derived from preheatmg cast rron result from slower
” cooling of the weld zone, particularly at the low temperatures in the martensitic
‘transrormation ra’nge The presence of martensite in cast iron is undesirable
| because it has a low duotrhty and therefore poor ability to withstand thermal
stresses. Slow cooling thus promotes complete austenmc transformatlons at
" high temperatures permits hydrogen to diffuse out of the weld joint, and lowers
the nternal stresses set up dunng coolmg " 1 -
| Hydrogen may be rntroduced mto the base metal from the flux or from any« :

‘material that is left in an open container in the workshop. The primary-source of



hydrogen is moieture. This is the reason why arc welders place their weld rods .

in a heated container. The heated container keeps moisture from soaking into

e o k :
- the coating on the weld rod and becoming trapped in the weld area. A

hydroecopic material has an atﬁnity for water and thus absorbs moisture readily.
Hydrogen cracks in wetdments result when hydrogen leveis increase. Thisis a

condition where the molten weld pool holds a greater concentratlon of hydrogen

that it could ho!d as a solid at ambient temperature. Since hydrogen is more

soluble in molten cast iron than solid iron, it will attempt to escape from the
supersaturated solution during the cooling period. If the excess hydrogen does
not escape, it becomesktrapped within a discontinuity in the metal and within a

hardened area, cracking may resuit.

- The effects of preheating are:

a It eliminates or decreases the danger of crackmg by lowering the
temperature dn‘ferences between the unaffected base metal and the
weld metal. |

b. It minimizes hardness zones adjacent to the weld because it m|n|mlzes

the termatlon of martensite.

c It holds stresses toa rntnimum.

d It decreases dtS‘tOmOﬂ

e. lti mcreases the rate of dlffumon and escape of hydrogen from the weld

joint.

- 2. Welding Cycle

1250° F, the wetding‘process‘ begins. The welder uncovers the first area to be

welded by removing the insulating m‘aterial from the top of the cylinder head.

10

‘After the cylinder head /reaées the desired wdrking temperatuvre of



VOn!y the area to be welded, usually one cylinder, is uncovered at this time. This

keeps the head from cooling in other areas.
a. Torch Tip Selection
The first step mvolves the selection of the proper tip for the oxyacetylene

torch Different sizes of tips are avanlable to the welders and the diameter of the

tip mﬂuences the amount of heat that can be applied to the cylmder head.
.lnitia!ly the welder assesses the extent of the cracks by burning out the cracked

- areas with an oxyacetylene welding torch. After the metal is cut back removing

the cracks it is easier for the welder to assess whether it is feasible and cost B

 effective to weld repair. Bad heads are scrapped at this point.

b. Installing Carbon Plugs - ,
Tapered plugs are added to the exhaust port and the intake plugs if these

areas do not require welding. Straight carbon rods are placed into the bolt holes

- and other areas that are in the immediate vicinity of the‘Weld zone. The use of

these plugs, atthough neceSsary;f may cause the base rhetal to absorb high

levels of carbon in the valve seat area. This could lead to hard spots and cause

-7

cracking during the installation of the valve seats. R v

c. Cleaning the Base Metal

The welder then ignites the torch and begins to heat the base metal until

the 1mpurmes start to glow. Then)as the base meta! starts to melt, the

napphcatlon of flux enables the lmpuntles to float out of the weld pool in the form

of a slag. The cleaning process is crucnal to successful weldmg of cast iron.
Cast iron is porous when compared to other metals and this allows for orl and
other lmpun’ues to soak into the head during its service hfe All of these
mpunt:es must be removed before the process of adding filler material can

begin.

11



d. Installing Cast Iron Plugs in Valve Guides

Sometlmes cast.iron plugs have to be inserted into the cylmder head.

| These plugs are requn* arge amount of metal has been removed from the
cylinder head valve gud area. This process reduces the amount of welding .
that has to be performed to rebuild the area. | |
" e. Addition of Filler Material
The addition of filler metal is accompl:shed through use of a high mckel

flller rod The composmon of the filler material is very lmportant and should be
| screened to ensure that it is of the proper chemistry. Improper filler material
| selection could result in poor bondihg to the base metal. Care should be takéh |
to keep the filler rods clean and free from greése énd other impuritiés. Al of
these impurities could end up. in the finished weld. The filler material is added to
“the weld area in the process of welding the cylinder head. The surface of the
weld should rise to a level slightly above'the old rsurface height. This ensures
that enough metal is present during the machining processes performed lateryin

the process.

3. Coolmg Phase
The cool down process should be momtored to allow uniform cooling of
| the cylmder head The welder accompllshes the controlled coolmg by gradually
reducmg the torch heating. The cylinder head is covered and allowed to cool in
. thé oven until the surface is nb Eonger red. As discussed above,y if the cooling
. takés place too rapidly, hydroge‘n,’and carbon will nbt have S%ﬁji?ﬂéiﬂe to -
precipitate out of the weld zone. This could cause cracking. Also, during cooling
itisi mportanl to ’allow the’h'ead to Cool unilormly to prevent any warpage that

might occur.

12



D. TQM Literatufe/Seérch\

~ The 'literature that does apply to the processes undér discussion is -

limited. The type of articles found vary in sciopé from those dealing with the

| broad TQM theory explanation and iisimplications forthe.wel‘ding industry to -

those articles that focus on repair welding processes. An example of the former
is "Statistical Process Control" written by Papritan and Helzer.? An example of
the latter is "Repair Welding: How to S(:zt~ Upa Shop“ by C. MacCocaire.*

“In the article, "Welding Myths Putto Rest,"s Western states that
throughout his years spent training, qualifying, certifying wélders, and working as
a welder or inspector he has found that a surprising numbér of myths have been:
formulated and passed around the industry as fact. His research has shown that

adequate research has been done that dlsproves many of these myths

However, this research i is wntten onan engmeenng level. This level is often

difficult to comprehend for many of the welders who have learmed their trade
through bh-the~jdb training without a teChnical education. So’me of the common
myths of welding are:

: - Aweld can be restarted without cleaning. o | Y

Time constraints do not affect weld quality.

The way | was taught to weld 10 years ago is still good enough today.

It might not look good but it will hold. |

Our shop does not do much critical work, and our welders do not need

to be certiﬁed.

.

'Repaired welds are not as good as once-made welds.

3JC. Papntan and S.C. Heltzer, "Statistical Process Control for Welding," ﬂe_[dmgj_quma[

- March 1991, v70 n3, pp. 44-48.
--4C. MacCocaire, "Repair Weldlng How to Set Up aShop, Welding Journal, August 1991, v70

ng, pp. 54-56.
5J.W. Western, "Welding Myths Put to Rest wemggumal March 1991, v70 n3, pp 75-77.

13
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« C(’)rif,lic;ts‘.?"6 Holdren states "as long as welds have been evaluated, there have P

| ~ been conflicts among those responsible for the design production, and

A coordi‘nated effort to traih'the welders in proper welding t’echniquesk

* should take care of these myths. The research highlights the need to present

the information in a clear 'way that is understandable to the wejders;

~ In the article, "What Are the Causes of and SOiutiéns to Weld Quality .

!

examination of those welds.” In ’thlS article the author suggests the followmg

| categones for grouping weld qua!rty conflicts:

. human factors
* poor understanding of quality reQuirements
. inexperience of inspection personnel
« lack of inspection methods
Of these categories, Holdren states that the human factors are the main reason
for the generation of quality conflicts. o

- The author of this amcle also provudes some tmportant observations on

'weldmg quahty 7

* The quahty of the resuitmg weld is heavuy dependent upon the skull of
the individual welder. |

+ Visual weld quality requirements should be expressed graphically
instead of trying to specify the necessafy details throhghthe use of
text to avoid mlstakes mtroduced by human judgment in the quality

mspectlon

6R.L. Ho|dren What Are the Causes of and Solutzons to Weld Gualrty Confhcts‘7 y_\l_ed___g
Joumal, August 1993, v72 n8, pp. 53065

"Holdren, pp@ Tare s Q loroodi Q«‘«C.e&m\m
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+ All.of the people,invowed'in the Weiding proceSs:'wéld‘ef, designer, |
foreman, inspector, etc. ,’ must understand the QUaliiy requikéments of

- the process. N | .

~+ Inspection. techniques are being improved to inciude the use of new .
technology, such as computer, robots, etc. and individuals usmg this
equipment must be hsgh!y skilled.

» Performance of effective visual exammatlon before, dunng, and after’
weldmg w;ll reveal 80-90 percent of those weld discontlnun es that
would be detected later by some more expens:ve and sophxstncated
nondestructlve examination method ’

MacCocaure has stated that mamtenance shop weidmg has gained a bad

- reputation because the welder is often left with the responsibility of attempting

repairs without the proper information to perform the job.8 This particular image ,

is further supported by the fact that there is a lack of expert information.

Companies that have developed successful procedures over the years are not

'mclmed to share this mformatson The amcle further states that all the weld repair

. processes should include the following steps:

~ a. non-destructive testing.

b. base metal identification.

c. heat treatvment selection.

d. process and weld seléction | |

| ek. weldmg techmques whnch will vary accordmg to the process.

thkstem has written about the apphcatton of the computer to the weldlng

- process.® Among the various uses cited is the use of a computerto monitor

8MacCocaire, pp 54-56. ‘
98.8. Glickstein, "Unique Ways to Apply the Personal Computerto Welding - Part 1, ﬂﬁ!dmg
~ Joumal, June1992 v71 0, pp. 79 - 82. .
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surface temperatures to welded structures using a PC - based system. , The

author states, "Careful contrdl of the weld cooling rates is often required to

prevent the formation of undesarable phases. In order to control cooling rates for

complex assemblies, it is necessary to understand heat ﬂow throughout the .
various parts of the assembly."1° |

Finally, Papritan and Helzer have written an article that provides a .
historioal background of SPC It further describes a general SPC model that
could be applied to a welding process.!t Papritan and Helzer suggest using SPC
processes such as Cause- Effect and other SPC methods in the weldxng
process.

Il RENT SITUATI
- A.Data Collection

1. Weldin‘g Processes

In wetdmg cast 1ron the necessary processes are a slow preheat
‘ constant weldmg temperature and unrform coohng Improperty performlng any
of the three steps could result in cracking due to the thermal differential in the
cast iron cylinder head or warpage. |

As part of the process of determining where cracks and warpage are

takingr place, itis recommended that tempe’ratu'res be taken throughout the
process and documented A suggested form for collecting this data is included
in Appendix C. The minimum data would mclude recordmg the time and
- temperature for the following events:

. Start of preheat stage

o :
wal [ -

Ofbid. (Jeoeg C. o
1J.C. Papritah and S.C. Heltzer, "Statistical Process Control for Welding,” Welding Journal,
March 1991, v70 n3, pp. 44-48. ‘ ‘
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Start of the welding stage

lmmediaté(y after welding "

»

Start of the cooling stage

.

End of the cooling stage
2. Rebuild Processes | |
Déta collection-on the cylinder head rebuiiding procesé was recofded by |
shop personnel at each operation downstream of welding that could uncover or |
o’bserve a defect. Al ‘Caterpillar Line team members were provided with defect -
‘repair maps for each of the three Caterpillar cylinder heads under evaluation
(see App‘e‘ndix D). On eaéh defect repair‘ map were places to record th‘é
employee, date, welder, serial number, operation were the defect was fouynd,
'an‘d what they idenﬁﬁed as the t;ause.of the defect, and drawing on which to
record the defect location. 7 |
" The pUrposé‘and impdrtance of the maps were explained tothe
| Caterpillar Line team members in a groupmeet’ing. Surprisingly, most of the
sheets included éntrie’s for each ;requested item of information (see Appendix
o) - | : | ; .
The initial two weeks of .data collécti‘ng went well. The lead inspector was
ill the fbll’oWing week and data collection virmaﬁy came to a standstill. Collection
néver really gained moméntum despite follow up requests. It was obvious ’thatf
kwhen the support or incentive to collect data Was not présent :th'e’ proceSs f
stopped. This was another indication that if management'does not fully suppoft ,
the effort, the process of improvement is éasily sidetracked by produdion
pressures, One of the employees made the corhment when asked where his
data was: “Since you got rid 6f Juan (welder trainee résponsib!’e for many

defective heads) we haven't had any bad ones to record.”
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f B. Process Control

- The following cha‘rtsdescribe‘the flow process of welding and the overall

process of rebuilding the cylinder heads:

| TRANSPORTATION

DETAILSOF | ... Distance - . ..
_. o State : .~ Quantity NOTES
} METHOD in feet e ,
NSPECTION OF HEAD; USE D . 1 T needed tumover the head, 10 check
;. MAGNETIC CRACK DETECTOR ' - : other side
DRNVE THE ALUGS: IFNGT | - '
' POSSBLE SENTBACK TO O 1
INSERT CARBON RODS o ‘ 1  Select the proper diameter
PLACE THEHEAD NOVEN - O ] Check ﬂ.uef hooks, keep off the hot bricks;
check supports
LIGHT THE TORGHES 1O HEAT
' HEAD : o 1 , ;
WAIT FOR THE RIGHT TEWP. | - O , 4 i Wait for the right temp.; check the color
BOSITION AND PREPARE THE O ‘ " Control the temp. do not wide open the
HEAD FOR WHLDNG ' ‘ weldngarea . ..
TURN ON THE ACETYLENE ANDYJ. Obtain the right mix of acetylene and
STRKETHETORCHFOR | O . 1 . ..oxygen
WELDING PROCESS O A 1 ~ Experience
for void f WHED . '
Temoconnennos | O 1 Don't let the plug fall during process
CHECK FOR BROKBPARTS T D :

AND FLL THEM ‘ 1 )
I =S BT PR——
MOVETHE HEAD OUT OF THE '

COOLING TANK _ Q 10 1 7

@%&ﬁ%ﬁ?&ﬁ*“ O 1 Do rot heat up the head
T EWARPEDSENDTOTHE T '
USE THE HOBT AND HAND C> ,
TRUCK TOMOVE THE HEAD TO 25 1
NEXT STAGE . :
B INsPECTION
A stomace!
O . OPERATON
(a2 .
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[CATERPILLAR GYLINDER HEADS REBUILD ASSEMBLY LINE |

{ ; p i 3
B 'FLOW PROCESS CHART
DETAILS OF | ... Distance i :
K o~ ~State | . Quantity: "NOTES
METHOD ~ 7 infeet ; i
RECEMNG A 45 1
INSPECTION AND f ‘ o o
DISASSEMBLY DQ 12 “1 . Decision for operation’ 7
HOT TANK E] Q o7 1 To make the disassembly easier
TEAR DOWN O E> 18 1 Recheck for cracks
CUTDOWN FOR O N 1 R he cracked letel
WELDING E> | 22 omove the cracked area completely
‘ WELDING , OQ <. 35 i Experience
sanoBuasTaND () Ly  ctean fha m o
ceane | 1 b . Glean the parts fnorougnly
macHnEToPAND 1O, ] Stay in tolerances; do not apply too
SIDES ~ [3 ; " ‘much pressure on parts
MACH!gigg:ACBEUS‘HON | O 11 1 Stay in tolerances |
MACHINE MANIFOLD OE> Sameloc. 1
HAND GRINDING O Q 14 1
PRESSURE TEST DC} 10 1 " Check for cracks
SURFACE GRINDING OE> 15 9
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DETAILSOF | . Distance: . : e
o 5 State : ., Quantity - NOTES
METHOD ' | in feet y: - NoT
© i SURFACE TOPDECK O 1 Tolerances a:é extramely important
| FINISH MACHINE WORK | O 1
- PRESSURE TEST DD e 1 Check for cracks
GRIND VALVE SEATS O l:> , 26 1 - Tolerances are extremely important
FINAL INSPECTION D:} - 37 1 ~ Check the head thoroughly
‘ k ‘ Clean the head completely; remove all
W‘.ASH O E> 13 . 1 residues :
~ ASSEMBLY O E> 16 -1 | Apply the right torque
' VACUUM TEST | DE} 10 1 , _Check for cracks
- SHIPPING | - RO o
PREPARATION A - 29 1 ‘
] INSPECTION
A ‘STORAGE
O ‘OPERATION
N =3 TRANSPORTATION

'IV._IDENTIFICATION OF KEY PROBLEM AREAS

" A. Data Analysis of The Defect Repair Maps

- Inorder to track the defects that occur along the processing iiné, we have
' implemented a ‘Defect Repair Map' (See Appendix E). We have been able to
: cdllect only 13 sheets, concerning the defects. :Thé fo!iowing' tabie’»shows the

number of cracks and other defects per welder:
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DAILY DEFECT TRAGKING LOE

CAT Heads 343,330&,3406
“iNumber ofirecorded d';'efective Vheéds: 18 N
Total head:repaired: 48
Approx defect rate:  37.50% N
- BEEm Type of Head | , .
CAUSE [ 343 | (3406 | [3306 | ota
oF DEgTFNE Sl Dﬁg;ws ' E‘B:#OFE:" DE#E(()XFTNEE E:E#OFCT"
CRACK . HEAD DH Em’ HEAD , fﬂvT HEADNE D
] iJorge : 2 3 2 i 3 6
w B , | a .
E Brad 1 1 2 3 4
Dl iT<Juan 3 3. 1 1 4
el i |
R Dan 1 1 1
unknown 5T 3
other 2 2 2 4
total 7 13 55

- The following two graphs illustrate the analysis of the data collected to

1 this point i

in time.
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Number of defects

Brad . T-uan  Dan  Unknown  Other
Causes

. Number of defetcs por head typs

'B. Employee Discussions

1. Weldmg
Group members were present at the operatron ona weekly basus askmg |
ﬁqueStlons tearmng the process and showing mterest in their workhelped to
develop a rapport with the shop personnel Structured group meetmgs were

held with the welders on one occasion, and with the Caterpullar Line team

members on one oocasuon Drscussrons were held with management usuaily on

- a weekly basis.

’ The first meetmg was held with the welders to explam the purpose of the
pro;ect in order to help determme what the problems were with the weldmg
process and to help correct them. The welders opened up and presented

numereus ideas that could be contnbutmg to bad we dmg
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2. Rebuild Line
A meetmg was held wrth the Caterplllar Line team from the machlne shop t
N area. The purpose of the pro;ect was exp!amed to them Defect repa:r maps
- were provrded to each of them and they were asked to record defects and
rework they observed in process. N | |
They were qurte open in descnbmg chronrc problems Changes in the
‘welding ovens and welder tramlng were mentioned. ‘They also noted that the -

hardness of the weld matenal had a. srgnrfxcant lmpact onthe machrnabtltty of the

" welded areas. Thrs was a welder dependent phenomena Some of the heads

would warp dunng the weld process requmng rework. Machmmg the valve seat
locatlons should have been done in steps of 0.010” until clean up, yet some
machinists would start at the maximum srze 0.030" to reduce machmmg ttme |
The pressure test was more severe than would be encountered i m servrce
Productron demands prevented them from takrng the time to assure proper
equnpment operation. Cutters were not properly sharpened and they were not
"even _sure they were cutting the correct size holes,.

| | UnfortUnately, management was Unab'le to allow any more group.
meetings. It became readlly apparent that movmg product was of higher -

‘importance.

3 Shop Foreman , \
A meeting was held with the shop foreman to review the results of the

~ data collected It was pomted out that most of the recorded problems were the

- result of cracks lrkely induced dunng the welding process

‘ The solutions proposed by The Qualrty Team were reviewed wrth the
shop foreman except forthe ‘Replace the Foreman opt:on He mdrcated that
they have already started on the team optron and had organized the welders

- and machmrsts asa team by product line with 1 lead over the entrre team
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Additionally, they were in the process of developing a plan for profit sharing by

team based on team performance.‘ It was evident that he realized the benefits of

ateam. However, ateam still had to be developed from the work groups.

V. PROPOSED SOLUTIONS

A. Alternatives

The Quality Team created a set of eleven alternatives to address the

warranty problems related to cracks in cylin‘der heads. In order to show

management the size of this problem the team started a program to monitor

internal rejections due to cracks in the heads not fixed during the welding |

1.

o N o o A~ oW

9.

~ process. These alternatives were:

Temperature controlled ovens for heating and welding of cfacks\inf heads.

. Temperature meaéuring devices, for measuring the heads during welding

and cool down.

S‘erializ‘aytion of heads for tracking and process control

Standardization of weld process

Temperature controlled cooling process

Training program for welders |

Tool r‘nai:ntenance and calibratipn

New Foreman for the shop; who will address the crack problem from a
TQM perspective | |

Team organization for the shop bésed on the type of head

10. Profit shari ng foryemployees' based on performance of teams created in

solution 9

11.Feedback to the employees in the form of meetings, newsletters, etc.
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Each of the alternativeswilr be analyZed using the following seven criteria.
These criteria were ch'osen‘to help the team understand each of the alternatives

and to provide good justification for choosing the solutions we selected. ,

1. What specific problem does this solution address’?

2. How does it address the probtem ldentn‘led in criteria 17

3. How will the company measure the improvement in quality by

| implementing this soltion? . | |

4. How long before any unprovement in quahty can be measured?

| 5. Is the solution wnhm resource constramts (man hcurs equrpment
“ tramrng, funding, etc.)? | | |
6. Is this a good TQM solution to the head crack problem?

7. How will the company impleme’nt this solution?

1. Temperature control ovens for heatmg and weldmg of cracks in
heads. - ,

. What apecific problem does this solution addreSs?

| Cracks caused by the uneven heatmg of the head dunng the weld
process NorthWest Motor Weldmg management beheves this is the

major. cause of cracks in the whole process A
* How does it address the problem identified in criteria 1?

) The current method used in heatmg the cyhnder heads has no | |
temperature control or monrtonng of the temperature The temperature of .

- thecy mder head dunng the weld precess could vary as much as 100

z'sv‘



degreesFahlrenheit. This varying of the temperature may be causihg

cracks in the head.

The form of heat used may a[so be oausing the cracks: They are
using from 2 to 5 open flames aimed at different points atdng the sidés of
- the head to heat it and maintain the heat during the weld. A temperature
‘controued oven couid heat the cylmder head evenly and keep the

temperature conkstant throughout the welding process;

- How will the company measure the improvement in quality by imp}ementin‘g

~ this solution?

Comparing the number of heads;returned because of warranty
claims and internal rejections before purchasing the ovens to the number

after purchasing the new ovens. -

- How long before any‘improvemem in quality can be measured?

~ Due to the amount of time required to choose an oven and having -
the welders trained in their use, it could take 9 to 12 months 'be'fore the
' 'n‘ew prociess stablizes and intemal rejections'can be 'measured The B
warranty clalms could take 1210 24 months before enough data is

: collected for good analys:s

-+ Is the solution within funding constraints (man hours, equipment, training, etc.)

- This will be one of the most,expen'siye of the possibte solutions.

| The weldihg shop will need to pur‘ohase a couple of Speciel ovens that Will
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h‘eatthe heads evenly during the'complete welding pmcess Ueing this ~
~oven the welders will show that these ovens do make a dn‘ference After
 the data shows an improvement in quality because of these new ovens
‘management then will purchase enough for all weiders.\ Estrmated oost.

ranges from $50,000 to $150,000 each.

-+ lIs this-a good TQM solutiOn to the head crack “'problem’?

~ This solution addresses a process not a person, so it does make a

good TQM solution. The solutron will have measurable base data (when i

~ coIlected) and result data to compare it to.‘We should be able to tell if this.

solution made any real improvement in quality. The 'team believes-there is
@ chance that thls solution will fix the warranty crack problem

baﬁd 15 .

. How.will the company impleme_ntvth'is solution?

The first step would be to start serializing all heads (solution 3), s0
B f traoking can be implemented. A good baseline of data needs tobe
collected. Then a couple of ovens needs to be purchased and used‘for a
set periodof,time. At different p‘oints‘atoﬁng this pen'od the warranty ahd
 rejection data will be aha!yzed to see if an'yi'improvement can be seen'. At
the end of the period if a reductuon in cracks has occurred, then all -

weldrng sta’uons wm get there weldmg ovens.
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2. Temperature measurmg dewces for measurmg the heads during

' weldmg and cool down
. What specific problem does this solution address?

* The lack of good baseline data due to the lack of equipment to get

good relial_’:lekdata;l M s ot ke ekl o Ll L L&iﬁ u\}w‘f‘*

+ How dees it address the problem identified in criteria 1?7

It makes the collection of base data possnble and may addressa

problem in the method usedto heat or cool the heads

- How will the company measure the improvement in quality by implementing
this solution? o " )
| Th;is solution will help in making good choices in the f}uture about

heating and cooling temperatu‘res used on heads.

. ch«iongkbefore any improvement in quality can be' measured?
No quality mprovement will be measured wnth this soiutlon but

basehne data will start to be coﬂected Immedlately

- ls ithe‘solution within funding constraints (man hours, eqhipment, training, etc.) -
" The coliection of data in the Weld shop is needed to implement any
TQM solution to the cracked head probiem. The cost will be a couple of

, _temperature measuring devices estimated of $1 000.
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Is this a good TQM solution to the head crack problem’»’
| Data collectlon is a very lmportant part of lmplementmg TQM. The
team belleves there is a 43% chance management will rmplement this

Busis

_solution and start data collection (process control).

How will the company implement this solutlon'?
| “The first step would be to start senallzmg the heads (solutlon 3)
so tracking can be implemented. To collect a good baseline the welders
T Will.nee'd to take measurements of head temperatures at diﬁerent points
~ throughout the weld process. (All ‘th:s data will need to be collected,
| analyzed and stored for approxrmately one year to find out if any of these

heads had warranty problems.

3. Serialization of heads for tracking and process control
What speclflc problem does thls solutlon address'? ' | |
The lack of good baselme data due to the lack ol equupment to get
good rellable data Coupled w1th solution 2, NorthWest Motor Weldmg
can start gettmg good basehne data for use in analyzmg the problem and

to help solutlon to |mplement

How does it address the problem rdentltled in cntena 1?
Thls makes the collection ot base data possnble ancl the company |

would be able to track all heads through the weld process and in the field.

How wrll the company measure the rmprovement in quallty by |mplemenllng
| thls solutlon? |
NorthWest Motor Welding wrll not d rectly be maklng rmprovements -

in qualrty wrth this solution, but will be collectlng baselme datato be used
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to make a choice about which solution tbey should implement in the

future.

- How long before any improvement in quality can be measured? }
No quality imptovement will be measured with this solution, but -

ba_seﬁne data can start to be collected immediate}y.
+ Is the solution within funding constraints (ym‘an‘ hours, equipment, training, etc.)
| Yes, all'that is 'needed‘ is someone to enter the serial nyumbers into

a dafabase and stainp each head. Estimated cost is $1000.

- Is this a good TQM solution to the head crack problem?

- Data collec'aon isa very :mportant part of rmplementlng TQM The

team beheves there IS & 49%4 hance that management will 1mplement this.

solution and start data collection (procéSsCOni’rol)‘.“

How will the company mpiement this selutton'? ‘
~ Thefirst step would be to start senahzmg heads, so tracklng can be
' |mplemented AII senahzed head will be tracked in a database so analysis

- of the data can be carned out.

4. Standardization of process ;

- What specmc problem does thls SO utlon address? ' |
It will start process control i in the weld process ThlS solutlon will get
everyone weldmg using the same steps and methods It will address the
‘couple of welders who may be doing their jobs dlfferently and not knowmg |

that thlS maybe the cause of cracks.

- How does it address the problem identified in criteria 12

Reduction of variances in the welding processes.



- How will the ‘company measure the improvement in quality bylmplementlng
this solutlon'? : | | | | |
The company would compare the number of heads returned
because of warranty and internal rejectlons before standardlzatlon touthe

number ‘after standardiz.ation.

* How long before any rmprovement in quallty can be measured’)
Due to the amount of time requrrecl to analyze the process, it could
~ take 12 months before mternal rejectlonscan be. measured. The warranty
claims could take 1210 24 months before enough data is collected for

good analysis.

- Isthe solution within funding c0nstraints (man hours, 'eq‘Uipment training, etc.)

This method requires a large number of meetings with the team of
, welders to analyze and decide on ihe best procedures for NorthWest -
Motor Weldmg weld processes Due to the hourly cost of havmg welders

in meetmgs,‘ the cost is estrmated _in the $20,000 to $1 00,000 range.

- Is this a good TQM solution to thée head crack problem?

Yes, this is a very good TaM solUtlon because it takes team work
to develop the correct procedures that all welders can llve with. The team
believes there is a  49% chance thrs solutron will start process control The

~team also belreve there i rs a 39% chance that thls solutlon will help wrth

S,

the cracked head problem

‘How wrll the company |mplement this solutlon’?

- The shop will need to have team meetmg of welders to develop the .

procedures and trarmng classes on the procedures and TQM would be
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given. Cdntrol charts and check IiSts will be deVeloped for the welding

process.

5. Temperature controlled cooling process

- What specific problem ‘doesy'this solution addtess?

Mény of the welders feel that it is the way the heads ake cooled
that causes the cracks. The heads are placed in a large metal tank to cool
together. There is no temperature'control on the tank. Therefo’re, as each
hea(t is placed in the tank the temperature will rise some and then cool

(

back down.

- How does it addtess the problem identified in criteria 1?2
It stops the uneven cooling of the heads, which is believed to cause

cracks.

- How will the company measure the improvement in quality by im’plementing
this solution? ) ' |
Comparing the number of he‘ads returned because of wérrainty and.
internal rejections before temperature centrolledcooling tanks to the

number after temperature controlled cooling tank.

-Hvow long before any im’provement in quality can be measured? ;
| | Due to the amount of time required to choose and acduire the
cooling tanks, it eould take 6 to 12 mOnthe before internal rejectidne can
- be measured. Thevt/arranty claime could take 12 t6 24 months before

enough data is collected for goodtan'alyysis.
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: ls the solution within,t‘dnding constraints (man hour,s,equipment,‘ training,etc.)
This will depend on the method and equipment chosen. The
estimated cost is in the $50,000 'to $1 50,000 range.

- ls th:s a good TQM solutton to the head crack problem'? :
, Yes this is a very good TQM solutlon as it addresses the
methodology not the workers It can be measured and the workers \
‘believe in the solution to the problems i in the process The team beltevesg"

there isa 67% chance that thls solutron wnll help with the cracked head

problem

" How will the company lmplement this solution?
~ The weld shop wrll have team meetmg ‘with all the welders to ptck
the correct cool down methodology and equnpment The chosen

equupment wnll be purchased and used.

6. Trammg program for welders

What specrﬁc problem does thls solution address‘? | ,
ThlS alternatlve addresses the lack of process control in the’

: weldmg prooess.

How does lt address the problem rdentn‘:ed in cntena t‘?

It will reduce the vanances in the weldmg processes.

How wrll the company measure the lmprovement in quallty by lmplementmg
this solution? | | o
Compan'sons will bemade of the number of heads returned
because of warranty and internal rejectlons before tratnmg and to the

number atter tramlng



- Honyongﬁ before any improvement in quality can be measured?
‘Due to the amount of time required to analyze the process, design V‘
training classes, and get all welders throug'h the classes; it could take 12
to 15 months before internal‘rejectione can be measored. MThe warranty
claims will take 12 to 24 months before enough data is collected for good .

analysis.

- Is the solution within funding constraints (man hours, equipment, training, etc.)
o This method requires a large number of meetings with a team of |
welders to analyze and deSIgn the training courses for NorthWest Motor
,Weldrng weld process. Due to the hourly cost of having welders in
‘me,e_tlngs and training classes, the cost is estimated to be a base cost of

$80,000 and about $4,000 per welder.

Is this a good TQM solution to the head orack problem?
Yes, this is a very good TQM solution. It takes team work to
~develop the correct training program that the Welders and management
can live with. The team believes there is a 50% chance this solution will
. start process control. The team also believe there is a 51% chance that

e

thls solution will heIp with the cracked head problem.

-How will the company implement this solution? |
| Team meeting with all the welders will be held to develop the
training program. After the material hasbeen agreed on, the course wiII
needto be deS|gned The fnnal step will be to have all welders go through

the classes.
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7. Toot maintenance and oalibration .
- What specmc problem does this solutton address’?

The mcorrect size or poor mamtenance of equment could be

causmg the cracks in the rebund process

. How ‘does it addressthe problem identified in,oriteria 17?
" This solution requires all the equipment to be calibrated and

* working.correctly.

- How will the company measure the improvement in quua'l"ity by implementing
this solution? |
We will measure the number of heads returned because of head
cracks and oompare this numberto the number before mamtenance and

\ ilbratlon.

- How long before any lmprovement in quality can be measured‘? :
Due. to the amount of time required to callbrate all eqmpment and ,
set up a routme of penodtcal cahbratlon it could take 91to 12 months
before internal rejectlons can be measured The warranty cla:ms oould

take 121024 months betore enough data is cotlected for good analysrs )

ls the solutlon wnthm fundmg constramts (man hours, equrpment tramtng, etc )
| To have all equipment tested woutd cost between $5,000 and
$10 000. To replace all equ1pment that cannot be flxed the costis
estlmated tobei in the $100,000 to $200, 000 range
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ls th|s a good TQM solution to the head crack problem'?
| " Yes, this is a very good TQM solution as it addressees the process
and not the emp!oyees The team beheves there isa 73% chance this
\,__,

so|utron wrll start process control. The team also be ieves there is a 10%

~ chance that this solutron will help wrth the cracked head problem. —

How will the company tmplement this solution? , .
The company wrll purchase the equipment and hire the expemse to
calibrate all equipment in the shop.» If any equipment needs replacmg it

- will be ’replaced.
8 New Foreman for the shop.

- 'What specrfrc problem does thrs solution address’> |
‘ This addresses busmess as usual vs. change in management to
get the TQM process gomg The current Foreman was not hired for the
jOb and has no TQM experience or trammg The team feel that a |

Foreman that lsmotwated to |mplement TQM w|ll help out the company.

How does it address the problem 1dent|f ed in cntena 1?
| There is a lack of committed |eadersh|p in the shop Foreman

- position. -

How will the « company measure the lmprovement in quallty by i |mp ementlng
~ this solution? ‘

* We will measure the number of heads returned because of head
cracks and compareﬁthie number to rhe number bedre the new ’Foremanf .

is hired.
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- How long before any rmprovement in qua!rty can be measured‘7 " ‘
Due to the amount of time needed to fmd the correct Foreman and
the trme for the Foreman to get up to speed in the shop, it coutd take 6to
12 months before ‘internalr ‘rejections can be ;rneasuredr ‘The warranty |
claims could take 9 to 12:m0nthe before enough data is cOtlecteo for oood

analysis.

‘Is the sotutiOn within funding constraints (man hours, equipment training, etc.) -
 The only cost wrll be the Foreman's salary and benefits. It will run

A between $50,000 to $1 00,000. There will be other costs related to what )

o~ ‘ ‘ . | ' L{szwﬁ C"‘%
every TQaM prorect he/she decides to |mplement. Frey  cost

, Ad .
- Isthisa good TOM solution to the head crack problem'?

| This is hard to call. On one hand the team rs saying that the
Foreman |s the problem but on the other hand all the team is sayrng
that's the Ieadershrp need more expenence in TQM The team belteves :
) there is a 46% chance thrs solutron wrll lmplement TQMin the shop. The
team also believe there isa 16% chance that this sclutron wrll help with

the oracked head problem.

. How erI the company ‘implement this solutron’? |
~ The company would find and hire a new Foreman and let hrm/her :
run the shop the best way he/she knows. | .

9. Team crgamzatron tor the shop based on the type of head

- What specific probtem does thrs soiutron address" :

Lack of commumoatlon within the shop.
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How does lt address the probtem 1dent1f:ed in cntena 1? |
| - The allows the employees to work i in teams to address the problem

within each process

- How will the company measure the lmprovement in quality by mp!ementmg B
: thls solution? | R | - o
We wm measure the number of heads retumed because of head ‘
cra’Cks and compare this number to the number before workmg inteams

was implemented.

- How long before any improvement in quality can be‘measwed? '
N " Due to the amouht of time it takes to get teams working as teams,
o J it could take 6 to 12 months before internai rejections can be tneas'ured.‘ |
The‘warran,ty claims could take 12 to 15 months before enough data lS -

collected toi'good analysis.'

< Is the so!utlon wtthm fundmg constralnts (man hours, equlpment tralnmg, etc)
d To have thns solution work there would need to be trammg in team
process and TQM. There also wull be the cost of havmg employees in

meetings and not producmg goods Estlmated cost to be $50 000 to
$100 000 per team.

+ Is this a good TQM solution to the head crack problerh’? | |
Yes, thisis a very good TQM solutnon It moves some of the
deds:on makmg down o the workers and gets commumcatlon within a
process started The team beheves there isa 24% chance that thlS |

- solutlon will help with the cracked head prob
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- How wxlt the company xmpiement this sotutton’?

| _ The company will divide up the shop into teams based on ‘each N
type ot head that they work on Each team will go through a set of
c!asses on team process and TQM. The teams will then evaluate their
own processes and nge recommendat;ons to management on’'how to B

"De?‘ﬁtiu;?&h

‘improve their own product.

10.Profit sharing for performance _ — \a.\,\

, = &t
- What specific problem does this solution address? p

~ Lack of motivation within the shop.

* How does it address the problem identified in criteria 12
This will focus the empbyee on doing a better job. If the quality

goes up, the emptoyee,thl feel the benefit in his/her wallet.

* How will the company measure the tmprovement in quality by tmplementmg
»thls solutton'? E o | ‘
© We will measure the number of heads returned because of head

~ cracks and COmpare this number to the number before the profit sharing.

* How long before any improvement in quality can be measured?
It wouldtake 2 months before internal rejections can be measured.
~ The warranty claims could take 12 months before enough datais

,collected for good analysis.,

Is the solution wuthm funding constramts (man hours equspment trammg, etc.)

- The cost woutd be dlrectty related to the tmprovement of quahty

The estimated costis $5 000 to $15 000, which will be made back by the

reductnon of warranty cialms
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- Isthis a good TQM solution to the head crack problem?

The team beheves there isa 29% chance this solution wnl lmprove

‘ the process in the shop.

- How will the company lmp!ement this so!uuon'?

-~ The company will setup a quahty leve for profxt shanng

11. Feedback to the employee in the form of meetmgs newsletters, eto

What specmo problem does this solution address?

" The lack of mformatlon that is not gettmg to the employees

How does it address the prob em ldentmed in cntena 1’?

ThIS puts mforma’uon into the hands of the workers so that they can

~ feel they are part of the team.

- How does the'eompany measure,the imorOVement in QUality by implementing
this solution? o | o | | |
We measure_‘kt\he number of heads returned because of head
cracks and compare this number to the number before teedback

procedures are started.

- How Ibng before any improvement in quality can be measured?
| ~ It would take 6 to 12 months before intemal rejections can be
meéSured. The warranty claims could "taker 12 months before enough

| data 'iS'~ct)lleoted for good analysis.

- |Is the solution withinfunding oonstreints (man hours, equipment, training, e;tc.)
| This solution will cost the time of a person getting the information |

and putting into a ’forrh that everyone can read. 'The employee
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~ productivity is lost due to spending time in meetings. This alternative has-

an estimated cost of $50,‘,000.,

s this a good TQM solution to the head crack problem'? ‘
~ Yes, thisis a very good TQM solution. It puts information into the
hands that can use it. The team believes there is a 29% chance this

sotution will improve the process in the shop.

o -How will the company implement this solutton’?

Someone will be desrgnated to make a monthty news letter and
drstnbute it to all employees. The company 'S upper. management er start

‘ ha\rmg monthly meetmgs with all empioyees
- C. ANALYSIS |

After analyzing each of the alternatives the team found out there were

three major sets of sotutrons. The first set had to do wrth the collection of data
| ~and standardizing of the'weiding Vproc‘es‘s The second set is related to attacking :

- the problem drrectly The thlrd group has to do with settmg up TQM in the shop

"Data collection and Attacklng . C Settmg
_standardization  the problem ' up TQM
‘Temperature measuring  Temperature control- ~New Foreman for the

- devices, for measuring - ovens for heating and shop, who will address
the heads during welding welding of cracksin ~ the cracks problem from
and cool down. _heads. - a TQM perspective.
Serialization of heads for ~ Temperature controlled - Team organization for
tracking and process ‘ ooolrng process " the shop based on the -

~control R type of head.
- Training program for ‘ Tool maintenance and  Profit sharing for
welders ; - calibration. - employees based on

performance of teams
create in solution 9.

StandardizatiOn of weld " S | Feedback to the

process . = o : - employee in the form of
| , o ~ ~ ‘meetings, newsletters
etc.
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success of each alternahve.

Duri‘ng‘,the initial discussion of the alternatives the team rated the

alternatives as shown in the following table. E’aéh solution was related to the

1 three categones the team setup. The. ratmg was based on the chance of

Solutions 1 2 3 4 5 6 7 8 9 10 14

Datacollection 0% 43 49 49 0% 50 72 0% 0% 29 29

| ad % % % 0 % % . % %
standardization B o - S o 4
Rankin‘g 4 3 3 2 1 5 5
Attacking 61 0% 0% 39 67 51 9% 16 24 0% 0%
the problem ' % - % % % % %
Ranking 2 4 1 3 7 6 5 ‘
Setting 0% 0% 0% 0% 0% 67 0% 46 25 0% 0%
up TQM o ' - % "% %
__Ranking ~ ‘ -1 2 3

The team then dad a welghtmg analys:s of all 11 alternatlves Each team -

member had a total of 10 points for each of the followmg cntena to givetoan

, aiternatave, The criteria was broken down into two sets, effect on q-uahty,, and

acceptance by people Vin‘\'/elved All'criteria Within\a set was Weighied and then -

: each set was welghted agamst the other The followmg table show the welghtmg ,‘

- and ranking of the alternatives.
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Solution 1.

alternative 5: Temperatefe controlled cooling process

“PROs T ~  CONs

‘This‘is a problem that the No hard data showing this
welders believe to be a - | solution will fix the problem
cause of cracksinthe | | "
heads = ° - - -

The cooling method has | | This solution will take a long

~chanced over the years | time to show any

- and the quality ofthe | 1mprovements
product reduced. 1
Team believes this has ‘A high. capital cost to

- the highest chance of - | ‘| implement.
improving the quality. . ce
c Funding is low within the
company, so acceptance by
management will be low

Solution 2.

Alternative 3: Temperature control ovens for heatmg and weldmg of cracks in

| ~heads.

PROS T T - CONs

Controls the heat. | | No data to support that
processes R there is a probleminthe
« o | heating method used.
The team believes this | | Highest cost of all the
solution has the highest solutzons o
“chance of i mprovmg the :

quahty . : o '
: | Funding is not there at this
| time for this -project
Least likely of all solutions
| to be accepted by
management.
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- Solution 5.

Alternative 4; Standardization of weld process.

PROs ~ CONs

Starts data collection for Hard to get employees to
- _future analysis . see a reason for it. -
- Low cost to implement | Hard to get management to

r ‘see a reason for it.
Easy to implement ' ~
t May, improve the quality

Vi LESSONS LEARNED
A TQM at NorthWest Motor Weldmg
The key lesson was that if management does not “own” the process of
rmprovement and fuﬂy understand the process and commrtments the TQM
efforts do not fare well. Deming radvocates that top management must show
) oonnmitrnent in the effort of quelity imprevemen’te.:12 If you do not pass the first
| checkpoint you do not go too far. This effort to implement TQM it was
'considered‘by NerthWest Mbtor Weldin‘g managernent to be a‘—“ﬂUﬁ project "
Wlth a commitment like that it is no wonder it made little progress outs;de of what
the seven class members dld
Ludernan;states; nothrng |mproves‘ until it is Vrneas'ured,'and as soon as it
~is measured, it automaticatly begﬂ’ins to ‘ir'n;:zrcn.re."13 AtNdrthWest Motor Wetding

 there was no measurement of rework levels within the shop (our estimates putit

12W. Edwards Deming, Qm_qt,mg_gm_e_a Cambrtdge Mass: Center for Advanced Engrneenng
Study, 1986, pp. 19-23.

13Kate Ludeman, "Using Employee Surveys to Revitalize TQM,"” Training, December 1992, v29
n12, PP 51-57. |
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: at 20 to 25%)14 ‘and no‘breakdown'by type of internal defects. The only

measurement they had was of the warranty levels. Unless critical areas are

, measured lt will be difficult to evaluate progress and determme whether or not

your program is actually producmg changes necessary for asting quallty

improvements.1s To accurately track rework levels and determine defect causes,

 thecy mder heads would need to be assagned a untque serial number.. In this

way mformatron ceuld be recorded at each operatlon and a problem history

" Vcould be developed Contlrruous efforts to start a serialization program did not

- prove successful since management was more interested in the short term-

production shipments.

NorthWes’t Motor Welding management professed they never pressured

the workers to sacrifice quallty m order to meet productlon The message that

productlon was top phonty came across clearly, even though it may not have

been stated as such. Itis clear management actions express their pnontles o

much louder than thelr words 6 As’ Crosby puts rt ‘Workers perlorm like the

attitude of the management "7 ltis |mportant that what is proclaimed matches
the beliefs and actions of management since any discrepancies are quickly
' plcked up. “In some compames there are many forces which seek to have as

~ much product shnpped as possnble There are pressures that dlscourage care in

manuf,act,un}ng and assembly."‘&

1“Thls estlmate is based on the general estimate listed for manulactunng busmesses in Evans
and Lindsay, p. 53. - , , : , 1
5Ludeman, pp. 52-57.

- ¥®Thomas J Peters and Robert H. Waterman Jr., m&mww

Amengas_aesi_ﬁmlg_qmpamgs New York, NY, Warner Books, Inc., 1982, pp. 73-75. : ‘
17Phillip B. Crosby.QuaMEree_Tbe_ae_o_Mamg_Qumty_Qe:tam New York, NY, McGraw-

(Hill, 1979, p. 273.
. 18August B. Mundel, Emmm_Quamx New York, NY, ASQC Quality Press Marcel Dekker, Inc.,

1991 p. 103
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The quality problems at NorthWest Motor Welding were not due to lack of

effort on the part of the workers. Tney were constantly striving to produce as

\.they understood that if they did not, they may not have a job‘ since the shop was

non-union. Addltlona ly the company was not financially strong Demmg

observes that most of the troub e comes from the system whlch is the l

responsrblllty of management It certarnly applled in‘this srtuatlon 19

~ The workers wanted to do better, as was evidenced by their interest in.

reviewing problems.and collecting data. In order to solve the problems they

~ needed the proper systems, training, and equipment. Management must show

the employees that management is improving things such as better incoming -

supplies, statistical tools, better maintenance and training. Further, Steele

“alleges that adequate support is essential to address the priority areas, assure
_speedy results, and get the employees to do things right the first time.2! When :

management not only clearly states but backs it up with action, that they will not -

get any new equipment, it certalnly does not help quallty 1mprovement eﬁorts

when the employees know that the equipment they have is madequate to do the

| job correctly.

- ('/ The welders were physncally separated from the rest of the shop and this,

//w f["%)vcoupled with the fact that many of the problems occurred in welding, lead to the

g

,'W"l.

syndrome of the “welders” against “the rest of the shop ” B‘Iaming the welders

for the bad welds was very counterproductwe since many of the weld qualrty «

and crack problems were due to facters beyond their control ‘such as

rnadequate trammg and equrpment. Including the welders as part of each

product team, Caterpillar, Detroit, or Cummins,‘is an‘ appropriate‘ team building

°Deming, p. 67.
2Deming, p. 68-69. : ‘ '
21Jack Steele, " Inplementing Total Quality Management for Long- and Short Term Bottom Lme

-Results,” MMMMQ}Q&K Summer 1993, v12 n3, p 438.
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effort. As Ozawa suggests the TOM system wm only work when there is a totat '
unrfled effort by all the employees in the company, and the employees see
themselves as part of the bigger ptcture 22 Teams would involve them as part of
- the overalt picture and enhance their ability to collectwely solve probtems.
| Common commitment and aocountability‘are, vessential forateam to' pt’oduce R
colle’ctive perfOrmance,"fnstead of just a collection of individuat pefn‘ormances;'ﬂ"3 |
«B Processes thhm The Ouahty Team |

“T he Quality Team” could have been more appropnatety named “The

' Quahty Workgroup” at the start of this pro;ect if one applied cntena accordmg to
Katzenbach and Smith.2* We were a group with mdmduai accountabmty
~ assigned to individual work products As the progect went through the daffrcult r
phase of tryung to collect data with little support from NorthWest Motor Weldmg nt
became apparent that the scope of the project was changmg Thrs uncenainty
coupled with the frustratlon of llttle progress against a finite txme schedule
caused a great deal of stress among the members None of the members were -

: personally agamst one another However, during the process of dtscussmg plans

and ideas, some of the members were not treated as fairly as they probably
should have been and they may have taken some of the discussions perSonal“Iy;
| Iif any one factor was overriding in grou'p diseussions it was always the |
;urgency to meet ttmelmes This is riot the best way to operate yet it was a

constramt placed on the team that had to be deatt wrth

03 ,TOkyo ~

22l\r‘lz;\sayosht Ozawa, Total Qualit
Japan, JUSE Press Ltd., 1988 p.7.
23 Jon R. Katzenback and Douglas K. Smith, "The stclplme of Teams," ﬂ_ama_d_ﬂus_pgas
Review, v71 n2, Mar/Apr 1993, p. 112.

- 2bid. p. 113,
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‘In the end, 'oncewe had shared some common ex;aeriences- we were
: begmmng to functlon more Irke a team However to functron asa truly effectrve '

team rt would have takeh much more tlme and experience together

lt is mterestmg to compare how the team percerved each optron wcutd be fff

. accepted by management as compared tc how management actually rated them o

 for acceptance Cleary an outsrde }udgment on what wrll be accepted is not

R \'always accurate and as such feedback should be ehcrted from those mvolved

~ Feedback from the shop workers would have also provrded some msrg‘nts but

due to productuon pressures was not avar!able



