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ABSTRACT

SIMULATION AND ANALYSIS OF OLDSMOBILE

DIVISION G.M.C. HOOD DAMAGE

By Leonard Joseph Meyer

Oldsmobile, Lansing Division of G.M.C., in the past

year has been having problems in the correction of hood

damage. These reports continually flow into their Packag—

ing Methods Department from the other five divisional

plants. To assist in curbing this branch plant discontent

and hood damage costs, research was conducted and presented

in this paper.

The research began with an analysis of all the

damage reports received at Oldsmobile since September 1967.

The analyses were made to determine: .1) where damage oc—

curred, 2) what kind of damage occurred, 3) at which loca-

tions the damage reports were most prevalent. From the re-

sults of these analyses, indications were given of what to

test for on the vibrational table. This helped in the

determination of the most suitable vibrational motion to
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use for the simulation of railcar damage. The three mo—

tions used to try and duplicate damage were: icircular

synchronous motion 30° out«of-phase. circular synchronous

motion. and non-synchronous motion.

The motions were used to test two types of packing

procedures. The first was conducted to test the present

1968 model hood packing methods. The second test was con-

ducted to test the future packing methods in consideration

by Oldsmdbile.

The major findings of the report were: 1) Linden.

New Jersey indicated itself as being the poorest destina-

tion for shipment of hoods; 2) Non-synchronous motion

produced the best simulation of railcar motion and damage;

3) Banding repositioning and improved bar reworking were

in order for change to help prevent damage; 4) In-yard

railcar switching did not yield any conclusive results

leading to hood damage.
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SIMULATION AND ANALYSIS OF OLDSMOBILE

DIVISION G.M.C. HOOD DAMAGE

INTRODUCTION

Background
 

Elimination of branch plant discontent and high in-

shipment hood damage costs are two objectives continually

under Oldsmobile's scrutiny. (See Figure A1 in the Appen-

dix for photographic representation of typical complaints.)

To try to eliminate this dissatisfaction and high costs,

the packaging methods department is being held responsible;

as a result, a great deal of trial and error testing is

being conducted. After a complaint is received the packag—

ing department analyzes it and then tries to make the ne-

cessary corrective action. With each new correction, the

department goes through a testing sequence to determine the

feasibility of the design. The testing is essentially all

trial and error, which includes the use of the vibration

table and actual railcar shipment. If the design with-

stands the laboratory tests it is ready for use; and if the

1

 



railcar shipments prove to be successful, the new method

is continued in its use.

Purpose of the Report

It is the intent of this report to try and find

what actually are the resultant factors contributing to

the in—shipment hood damage; and then, it is the intent

to find the probable solutions for them.

The points analyzed as possible contributors to

shipment damage are: 1) analysis of time in transit versus

hood damaged, 2) analysis of each railroad car used by

Oldsmobile, 3) analysis of hood damage with reSpect to

each sequential Ghange in the rack design, and 4) analysis

of damage versus destination. These analyses are broken

down in the Appendix and shown in figure A2 and tables Al

and A2. Points 2 and 3 are combined in table A1 and table

A2 is a composite of five separate analyses.

Considerations being used to try and locate or

liquidate these and future problems are: 1) the use of

the vibration table under three separate and distinct mo-

tions rather than one—-as was used in the past (See figure

.A3 in the Appendix for graphic representation and



explanation of these motions); 2) the use of a more effi—

cient method of policing the packing and loading procedures.

prior to shipment.

The Importance of the Report

The importance of this report is four-fold: 1) to

try and give a possible grain of insight into the current

causes of the damage. 2) to try and find better methods

of policing packing and loading of hoods. 3) to try to

(reduce branch plant discontent. 4) to try and give some

assistance to whomever may wish to pursue this course of

action further.



DISCUSSION OF PROCEDURES

Results of the Analyses

Presented in the Introduction

The analyses, which are broken down into Figure A2

and Tables Al and A2 in the Appendix, were made with the

final outcomes presentedlxnsn In Figure A2, it was con-

cluded that time in transit versus hood damage presented

'no significant correlations. In Table Al, the concluding

results indicated: 1) the packaging changes made no sig-

nificant contribution to the elimination of damage reports;

2) the railcars, which had reported hood damage, did not

reveal any defectiveness as; poor suspension, poor couplers,

and draft gears, or flat wheels. Table A2c was also in-

cluded in this analysis, where, railcars serving three or

'more deStinations were checked for any correlation in the

damage reports. The results indicated no correlations;

therefore, it was determined that railcar defectiveness

“was not a major contributing factor to hood damage. In

frable A2, the results of the five separate analyses indi-

cated a direct correlation between destination and hood

4 .



damage. Linden, New Jersey, showed the greatest affinity

for the reported hood damage.

Concluding from these analyses, it was determined

that: 1) Linden, New Jersey would serve as the best test

run for any future trial shipments. Positive test runs

to Linden would raise hopes for possible successful ship-

ments to the other four destinations. The high damage

reports received from Linden could be attributed to bad

road beds, poor railroad tracks, closer inspection of in—

coming shipments, or poor engineering. Quoting a railroad

engineer, " . . . setting all damage producing factors

aside, damage to railcar contents is directly proportional

to the ability of the engineer running the train . . . ."

2) Broken banding and releasing impact bars were the main

constituents contributing to hood damage.

The testing, that follows, was conducted with two

aspects in mind: 1) Testing was conducted to provide a

more effective means of banding and of locking in impact

bars for the 1968 model-car—hood shipments; 2) Testing was

conducted with the future shipments in mind--l969model

car hoods. The testing in this part was directed toward

the elimination of banding in favor of a plastic coated

Inetal spacer, which to date had already shown signs of



star quality in test runs, and to continue the testing of

the impact bar.

Testing of 1968 Model Hood

Packing Methods
 

The use of the vibrational table in the following

I four test tables was designed Specifically to try and du-

plicate the various damage reports received at Oldsmobile

in the last nine months.

Table 1, below, was conducted with the table set

in circular synchronous motion 30° out-of-phase. With

this motion it was hOped that the pitching or rotational

vibrations produced in the railcars could be partially

simulated. In actual railcar shipments these vibrations

are amplified significantly whenever the exciting frequency

matches the natural pitch frequency of the railcar, and its

contents; as a result, this may be damage producing.

Testing, as indicated in the table, gave negative

results from 140-210 cpm; however, it was interesting to

note that at 180 cpm the rack began to cycle out of phase

every three to four seconds. As a result, the new rack

motion caused it to impact hard against the table bed.

The impacting caused the hoods to shake violently. The



TABLE 1.-—Circu1ar Synchronous Motion 30° out-of—phase.

Testing of Current Packing

 

 

 

 

 

 

 

 

 

 

 

EunningTimes Cycle Settings Results

(Min .) (Cpm) (CPS)

15.30.60.120, 140 2.3 Negative

180,210

" 150 2.5 "

" 160 2.7 "

" 170 2.8 "

" 180 3.0 "

" 190 3.2 "

" 200 3.3 "

" ' 210 3.5 "

" 220 3.7 Impact bar released once in

30 min. test and twice in

each of the remaining test

periods
 

 

 

 

 

 

15,30 230 3.8 Negative, at this point, due

" 240 4.0 to the severity of vibration

" 250 4.2 and safety reasons, testing

" 260 4.3 was limited to the short

" 270 4.5 testing periods

" 280 4.7      
 

shaking and impacting resulted in the loosening of the im-

pact bar pin; however, the pin never completely worked it-

self free until 220 cpm.

When the testing reached 220cpm and the impact bar

released it was felt that the test was successful in dupli—

cating one cause which attributed to hood damage; however,

inspection of the bar indicated it had a defective locking

mechanism originally. This result would have left the test

a failure if the new impact bar would have stayed locked



into place; however, the new bar released eight more times

at 220 cpm making the test successful in the duplication

of one cause of damage. No redesigning of the impact bar

lock was considered at this time. The other motions were

planned to be used first; then, the motion yie1ding the

most responsive duplicating of both the band breaking and

impact bar releasing would be used to test any redesign

ideas.

As the testing proceeded beyond 220 cpm little evi-

dence was given for any type of damage duplication. With

workmen working and resting in the vicinity of the vibra-

tion table the testing had to be abbreviated for safety

reasons. The testing, therefore, was limited to only the

fifteen and thirty minute test durations. It was felt,

however, as a result of the first two time periods of each

test, that the extended test periods would not have yielded

any significant results.

Table 2, page 9, was conducted with the table set

in circular synchronous motion. Using this motion the

vibration table did not simulate any damage producing

factors, which had occurred in railcar shipments. As a

result, this motion was considered as non-effective and



TABLE 2.-—Circular Synchronous Motion Testing of Current

Packing

 

 

. Running Times Cycle Settings Results

(Min .) (Cpm) (CPS)

15,30,60,120,180 140

" 150

" 160

" 170

n . 180

" ' 190

" 200

" 210

" 220

" 230

" 240

" 250

" 260

" 270

" . 280
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should not be used as a means for testing the simulation of

hood damage.

Tables 3a and 3b, page 10, were conducted with the

table set in non-synchronous motion. Using this motion,

excellent results were produced, which were indicative of

those produced in railcar shipments.

It was discovered at the commencement of the test—

ing that, due to the severity of the rack vibration, re-

straints had to be made. The lateral movement of the rack

‘was thwarted by chaining it to the side of the table. The
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TABLE 3.--Non-synchronous Motion Testing of Current Packing

a.

 

 

 

 

 

 

      
 

 

 

 

 

 

 

       

IRunning Times Cycle Settings Results

(Min.) (Cpm) (Cps)

5 140 T 2.3 Negative

10 u u u .

15 " " Impact Bar Released

2 0 n u u n n

28. " " Metal Band Snapped

b.

IRunning Times 'Cycle Settings Results

(min.) (Cpm) (Cp3)‘

5 140 2.3 Negative

10 . " II
n

15 " " Impact Bar Released

2 o u u n n ‘ u

29 " " Metal Band Snapped

forward movement was restricted by nailing two by four's

into the table bed in front of the rack. The two by four's

were so placed to allow the rack a maximum movement of four

inches either backward or forward. Using these restraints

caused the rack to vibrate violently; however, the rack

seemed to be lacking good longitudinal motions. As a re-

sult, three one inch shims were used to reduce the table

movement longitudinally to a maximum of one-inch. These

conditions seemed ideal for testing; however, they were

too violent to be carried on beyond 140 cpm.. Therefore,
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all the non-synchronous motion testing was carried on under

these conditions.

The tests during the first two Periods were nega-

tive; however, the pins locking in the impact bar did

loosen. From the fifteen minute period on, the bar re-

leased between twelve to fourteen minutes into each test.

Finally, at twenty-eight minutes the high tensile three-

quarter inch by .031 inch band snapped. To test the val-

idity of the results in Table 3a the test was rerun with

almost identical results.

Following these tests the bands were repositioned

to check if breakage, due to band tension, could be reduced.

Table 4a and 4b gave almost identical results with

both indicating that band repositioning offered possibil-

ities for consideration; however, even though the results

afforded some recognition over 3a and 3b it was not enough

to warrant complete change-over. Minor alterations to the

hood spacers would have to be made, first, before changes

could have been made. To extend the test with h0pe of

validating the change-over a new three-quarter by .035 inch

banding was ordered. It was felt that this more flexible
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Fig. l.--Original Banding Locations

 

 

a. TOp

View

b. Side

View

 

 



13

Fig. 2.—-Banding Relocations

 

a. Top

View

b. Side

View
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TABLE 4.-—Non—synchronous

14

Motion Testing of Revised Packing

 

 

 

 

 

 

 

     
 

 

 

 

 

 

 

 

 

 

Ideas

a 0

Running Times Cycle Settings. Results

(Min.) (Cpm) (CPS)

5 140 2.3 Negative

10 II II -

15 " " Impact Bar Released

20 II ll

30 II II

42 " " Metal Band Snapped

b.

Running Times Cycle Settings Results

(Min .) (Cpm) (CPS)

5 140 2.3 Negative

10 n u

15 " " Impact Bar Released

20 u u

30 ‘ n n

45 II II

50 " " Metal Band Snapped    
 

band would offer longer periods of staying intact; there-

fore, it would warrant the banding repositioning, and di—

vider alterations. Due to the slow arrival of the new

banding material the testing of banded hood racks ended

here.

Summarizing the results these tests, it can be posi-

tively stated that non-synchronous motion was the best mo-

tion for the simulation of what causes hood damage, namely

'broken bands and released impact bars. It was realized that
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the vibrations produced under this motionxmue or may have

been more severe than those in_a railcar, due to the in-

creased severity of the tests under the restraining condi-

tions. These conditions could lead to over—packaging even

though this would be an excellent beginning point since

this is the first time damage factors had been reproduced

with regularity and in approximately sixteen times faster

than previous methods.

During the testing no changes were made on the im-

pact bar locking device due to limited time; however, Fig-

ure 3, page 15, has a photograph of the current locking de-

vice and Figure 4, page 16, has the two proposed change-over

drawings, scaled to 1/2" = 1". Figure 4a proposal has used

the same housing for the locking pin; however, modifications

Fig. 3.--Impact Bar Locking Device
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Fig. 4.--Pr0posed Change—over Drawings

a. Notched Lever

Locking Device

b. Notched Metal Peg

Locking Device
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were made on the pin. The pin was cut in.a declining angle

from front to the rear to allow clearance for the depres-

sion of the notched lever, which was attached to the front

of the pin. In actual use the pin could easily be slid

into place and withdrawn by depressing the lever to allow

room for the notched area to pass through the hole.

Figure 4b prOposal, again, uses the same housing

unit for the pin, with modifications again made on the pin.

The change consisted of welding, at a downward angle, a

notched metal peg on to the back end of the pin. The pur-

pose of the notch would be to serve as a location where a

clip could be attached, after the peg was pushed through

the angled hole in the impact bar. The clip would be easy

to insert, to restrict the movement of the pin, and it would

also be easy to pull off to release the pin and lock.

Testing of Possible Revisions

for 1969 Hood Packipg»

The testing in the following three tables was con—

tiucted to test possible revisions in the retention methods

for 1969 hoods. These revisions were considered since band-

ing had been the major contributor to hood damage in the

past.
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Testing in Table 5 was conducted with the table in

synchronous motion 30° out-of-phase. The new hood reten-

tion revision used consisted of an aluminum bar with a

plastic coated steel insert (See Figure 5 for new insert).

TABLE 5.--Circu1ar Synchronous Motion 30° out-of-phase

Testing of Future Packing Ideas

 

 

 

 

 

 

 

 

 

 

    
 

 

 

 

kunning Times Cycle Settings I Results

(Min.) (Cpm) (Cps)

_;9 .Ll40 2.3' Negative

" 150 2.5 "

" 160 2.7 "

" 170 2 .8 .. 1

" 180 3.0 "

" 190 3.2 "

" 200 3.3 " .

" 210 3.5 Impact bar released twice

" 220 3.7 Two impact bars released,

nuts and lock washers

were stripped of bolts

connecting the hood di-

vider with the rack   
 

As presented above, the testing was limited to a

short running time and a short range of cycle settings.

This was attributed to large holes produced in the aluminum

‘bars through wear from loose bolts, and also as a result of

the wear into the end of the metal divider during the test

period-—wear is illustrated in figure 5, page 19. The wear

on the parts can be attributed to the force of the hoods

:moving the insert backward and forward. This sliding
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Fig. 5.--Plastic Coated Metal Hood Spacer

  

motion was always abruptly stopped by the insert slamming

into the vertical bar holding the insert and bar in posi-

tion. As the slamming continued the hoods shook with an

increasing momentum; as a result, caused increased damage

to the insert.

Table 6 below was a continuation of table 5 with

the exception of a revision made on the aluminum bar.

The revision consisted of welding an aluminum slug across

-the slot at the end of the bar. This had the affect of
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limiting the sliding motion of the insert and the movement

of the hoods. (See Figure 6 for revisions, page 21.)

TABLE 6.--Revision 1

 

 

 

 

 

 

 

 

 

    
 

 

 

   

Running Times I Cycle Settings . Results

(Min.) (Cpm). (Cps)

10 140 2.3 Negative

" 150 ' 2.5 "

" 160 2.7 "

" . 170 2.8 "

" 180 3.0 "

" 190 3.2 Impact bar released

OI 200 3 . 3 I! H II

" 210 3.5 A1 piece knock out off

both ends of left-hand

separator and one end

of right—hand separa-

tor
 

The new revision limited the hood motion to a short

backward and forward motion; as a result, the hoods shook

less violently. The test proceeded along with indications

of appearing to offer positive results, when at 230 cpm

three of the four slugs were broken from their welds. The

testing was stopped and the hoods were checked for any

damage. Along the top of the hoods, where the insert held

the hoods apart, there were small repairable dents. A

visual inspection of the insert revealed the apparent cause

of the damage. The plastic, which coated the metal, started

to flow and formed a little ball on the end of each
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Fig. 6.--A1uminum Bar Revisions

 

a. Plug Welded Externally
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spacing unit, like that of the ball formed by forcing air

to the end of a balloon. The ball serves as a hammer with

each contact with the hood and resulted in the dents.

Table 7, the second revision, is a continuation of

tables 5 and 6. The second revision consisted of fitting

and welding an aluminum slug into the slot at the end of

the aluminum bar to restrict the insert movement completely.

TABLE 7.--Revision 2

 

 

 

 

 

 

 

 

 

 

    
   

Running Times Cycle Settings Results

(Min.) (Cpm) (CPS) ‘

10 140 2.3 Negative

" 150 2.5 "

" 160 2.7 "

" 170 2.8 "

" 180 3.0 "

" 190 3.2 "

" 200 3.3 "

" 210 3.5 Impact Bar Released

" 220 3.7 AlApiece knock loose

from bar
 

From thecnmset, the new revision accomplished what

it was intended to do, namely, to restrict the movement of

the hoods in the rack. This was accomplished throughout

the test with the hoods and rack moving as one unit with

each motion of the table.
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After an elapsed time of three minutes into the

220 cpm test the weld on the left retention bar broke

loose. The test was terminated, at this point, and the

hoods were checked for visible damage; however! there were

no indications of any damage. Testing was terminated here

as a result of the limited availability of the testing

facilities.

Summarizing, the three tests indicated a possi-.

bility for future considerations. If a new or stronger

weld could be structured the testing could be continued

through the other two motions. This testing should be

advanced prior to on-line shipping, which could result in

costly trial and error shipments.

Policing of Packing and

LoadingiProcedures

Consideration was given to these procedures as a

result of casual inSpections of the loading and packing

of hoods.' At times mishandling of racks by the forklift

truckers resulted in dented hoods, and at times packing

neglect resulted in the impact bars being left unlocked.

Closesnmveillance of rack handling will not always

rectify conditions as these. Handlers have to be
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constantly made aware of the consequences of laxness.- To

date this has not been a serious problem; however, it can-

not be left unconsidered if damage reduction is to be com-

pletely'achieved.

‘ The major problem area lies in the packing of the

hoods. It was discovered upon frequent trips to the pack-

ing area that impact bars were not always locked. On occa-

sion, when pins offered sliding resistance, the lock was

left Open rather than being forced shut or having the im—

pact bar replaced with efficient locking devices.

A sample was taken of ten different carload ship-

ments, where eight racks per car were visible, for unlocked

impact bars. Of the eighty visible racks twelve racks had

at least one unlocked impact bar. An average of 1.5 un-

locked impact bars per railcar seemed low; however, with

consideration given to the unseen racks this average could

have been higher. The unlocked bars may have never fallen

out of place, but nevertheless, a potential damaging con—

dition did exist and had to be given consideration. Closer

inspection by those concerned would have increased the

probability for fewer damage reports.
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SUMMARY AND CONCLUSIONS

In summarizing it was hOped that this paper pre-

sented a feeling for the existing hood damaging problems

at Oldsmobile, and that the approach to the solution of

the problems could lend assistance to whomever wished to

further pursue this course of action.

In testing of the 1968 banding procedures, the

vibration table was able to simulate damage consistently

using non—synchronous motion. The revisions made on the

rack indicated that_the hoods would be able to endure

greater shocks than the original procedures; however, new

banding material should extend the period of protection.

If banding is eliminated in future models, the testing of

the possible revisions indicated that the plastic-coated

metal dividers would be a superior change—over from the

banding procedures.

In concluding, the trial and error testing that

was used was, to an extent, successful; however, the pur-

pose of this paper was to try to eliminate the trial and

error testing in favor of quantitative testing. This
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approach would have been presented if the on-line testing

had been permissible. Then the correlation of the on-line

result with the damage report analysis should have pro-

vided sufficient data to proceed in a technical manner.
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Fig. Al.-—Typical Complaints
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‘b. Released

Impact Bar
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Fig. Al.—-Cont.

   

c. High Banding

Tensions
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Fig. Al.--Cont.

  

e. Rest Pad

Too High
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Fig. A3.--Motions Used in Vibrational Testing*

 

Circular synchronous motion 30 out-of—phase. Motion above was produced with

the eccentrics on the secondary shaft 30 out—of-phase from those on the pri-

mary shaft. Again, both shafts operate at the same speed but because of the

out—of—phase relationship of the shaft eccentrics, the table surface tilts

as it describes an elliptical path. This type of motion reduces the top

swing on high loads and also introduces some of the side sway encountered in

normal transportation.

 

Circular-synchronous motion. Motion above was produced by setting the ec-

centrics on the two shafts in phase with each other with both shafts Operat-

ing at the same speed; Consequently, the table surface remains level as it

travels in a 1" diameter circle.

 

Non-synchronous motion. This motion is the most difficult one to visualize,

since it is random or erratic. When this motion is produced, the primary

and secondary shafts Operate at slightly different speeds causing the phase

relationships of the eccentrics on the two shafts to change continuously.

This results in an intermittent tipping action when the eccentrics progress

to a point where they are briefly 180 out of phase. They continue to change

phase relation until they are briefly in phase again and so on.

 

*L.A.B. Corporation, Skaneatbles, N.Y. Package Tester Motions, 4-8-63.



 

I
‘
l
l
-
£
3
5
.
1
1
.

”
m
a
m
-
A
m
i
s
h
.
m
fl
fi
4

.
...

._
.

....
...
1
;
n
g

r
i
l
l



‘
l
fi
.

I
t
.
.
.

s
u
n
!

.
“
A
.

~
M
y

...
.
m
m
n
m
z
fi
g
g

s
..

..
..

..
.

m
m
.

 



HICHIGRN STRTE UNIV. LIBRQRIEES

II III Ill274

 


