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The basic principles of methods and tie study have long been 
applied to the metal working industries, and have proven to be of 
considerable value. By comparison, their application to the wood 
products industries is relatively new. As a means of gaining an 
indication of the value of methods and time study techniques in 
their application to the wood products industries, they have been 
applied to the plyrood gluing operation. 

Before beginning the actual analysis, the over-all process 
for making plywood and the particular operation to be observed 
were described in detail, to provide a background for the detailed 
analysis which was to come. 

The study was based upon the analysis of a motion-picture 
film of the gluing operation. The film was taken with a motor- 
driven, 16-millimeter camera at a speed of S2 fraues4per second, 
rather than the customary 16 frames per second, to provide for 
greater accuracy and ease in making the analysis . The actions of 
the core feeder, core layer, and sheet slingers were then traced 
throughout the entire 300 feet of' fi1n, and the frames were counted 
to determine the idle and working times for each member of the crew. 
These times were then plotted to show graphically the relationships 
existing between the men. One result of this porbion of the study 
was the determination of the fact that aLnost one-third of the 
time of the sheet slingers is idle time spent in waiting for others 
in the operation. Elimination of this waste, then, became one of 
the primary targets of the study. 

The motion and time study techniques which were used proved 
to be of considerable value. The material flow chart presented 
the overafl process in general terms and pointed out very specif- 
ically the key position of the gluing operation in that overall 
process. The micromotion study carried on helped organize inform- 
ation about the operation as well as serving as an excellent means 
of familiarization with the operation. The ensuing multi-man chart 
very emphatically points out the weak spots within the gluing 
operation itself. The synthetic data which had been developed then 
provided a basis for comparing cycle times for the various alter- 
native proposals as well as the cost analysis which followed. 



The individual alternatives which were considered in this 
study, arranged in order of magnitude of estimated savings and 
showing savings, are as follows: 

Prepositioning of sheets of veneer in rack 
over laying area 

Sheet slinger laying first core until core 
layer returns to position 2000 

Feeding cores first from one end and then 
from the other 2000 

Potating as core layer and sheet slingors 1460 

Use of two core layers 46 

Core layer taking the place of one slinger 252(încr.) 

Pro-sorting of cores 515(incr.) 

Edgegluing cores and clipping to standard 
width 2E38(incr.) 

In addition to these savings there were certain irreducible 
factors; such as the effects of increased production, effect of 

change on other operations in the process, and changes in indirect 

and overhead costs, which should also be considered. 

Conclusions resulting from the study were stated in two parts. 

First it was recorxmiended that four of the alternatives be consid- 

cred for actual application, and, where possible, combinations of 

these proposals should be used to effect even greater savings. 

These four are; sheet slinger laying first core until core layer 

returns to position, feeding cores first from one end and then 

from the other, rotating as core layer and sheet slingers, and use 

of two core layers. SecondJ, as it was determined that substantial 
savings in direct labor would also result from prepositioning 

sheets of veneer in a rack over the laying area, it was further 

recoxmnended that it be studied more extensively and an attempt 

made to develop and put such a device to use. 

The study which was made indicated that substantial savings 

can be made in the gluing operation but only by actually putting 
the proposals into practice can the true results become 1own. 
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THE ANALYSIS OF PRESENT PLYWOOD GLUING 
TEOHNIQUES AND A I'2THOD FOR THE 
DEVELOPMENT OF SYNTHETIC DATA 

INTRODU CTI ON 

The application of methods and time study principles to the 

various wood products industries is a relatively new development 

when compared with metal working industries. The problems are re- 

cognized continually, but the ways of attacking those problems may 

not be so easily recognizable. In presenting this discussion of the 

application of synthetic data and operation analysis to the plywood 

gluing operation, the intention is to show that these tools of the 

industrial engineer can be of value in the evaluation of several 

alternative solutions to a problem, 

The problems to be presented here are timely ones; ones in which 

numerous people involved in the production of plywood are interested. 

In studying thse problems, the gluing operation has been selected for 

two major reasons, The first of these is that it is a basic operation, 

and one which dictates the shape and flow of several other operations, 

both preceding and following, Secondly, it is an operation which will 

illustrate the use of the following methods and time study techniques: 

1, Material flow chart 

2, Multi-man activity chart 

3, Micromotion study techniques 

4, Development of synthetic data 
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5, Use of synthetic data to predict and compare cycle 

times of several proposed methods 

6, Cost analysis procedures 

If these techniques can be successfully applied to this operation, 

then they may also be used in analyzing many other operations, This 

paper is being britten, then, in an attempt to evaluate these princi- 

ples in their application to the plywood industry. 

As stated previously, only one basic operation is being studied, 

Much of the actual study is based on a moving picture film taken in 

the plant of the Albany Plylock Company, Albany, Oregon, By taking 

the film at 32 frames per second, with a motor drive on the camera, it 

can be used in the determination of quite accurate times for the vari- 

ous movements which make up the manual part of the operation, as well 

as providing a basis for determining what changes arid improvements 

can be made, It should be emphasized here that this report will be 

limited primarily to a Type i and Type 2 study, As defined on the ac- 

companying sheet of definitions this will include the use of the human 

body and work place arrangement. The other four types of studies as 

defined will receive only the consideration necessary to complete the 

picture. Descriptions of the methods used in deteiining synthetic 

data and analyzing the operation, together with the results and 

recommendations, will make up the text cf this paper, 

In order to insure more thorough understanding of the material 

to be presented, some of the terms to be used are defined in a separate 

table, 



The actual presentation of material will take the following forni: 

1. Material flow chart to show overall operations 

2D Multi-man chart to describe the single operation studied 

3. Micromotion study applied to the gluing operation to 

analyze effectiveness of elements of the gluing operation 

4, Consideration of alternative methods 

5 Development of synthetic data from inicromotion study 

6. Use of synthetic data to predict cycle time 

7. Comparison of alternatives by use of synthetic data 

. Cost analysis 

9, Conclusion 
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DEFINIT IONS 

caul board, A heavy plywood panel which is placed on the top and 

bottoni of a bundle of unfinished panels to strengthen and 

protect the bundle during handling and pressing. 

core feeder. The member of the plywood gluing crew who feeds the 

cores into the machine rollers for gluing. 

core layer4 The member of the plywood gluing crew who takes the glued 

cores from the gluing machine rollers and places them in position 

on the sheet of veneer, 

cycle. The complete course of an operation from the start until all 

elements have been performed and the operator is ready to repeat 

the operation. 

element4 The subdivision of an operation which has been selected as 

being the most practical for use in making a time study. 

material flow chart, A diagram of a plant which shows the routes 

taken by the materials used in the process as they progress from 

raw materials to finished product. 

methods studies - six types. 

Type 1 - Use of human body 

Type 2 - Arrangement of workplace 

Type 3 - Design and selection of tools and equipment 

Type 4 - Sequence of operation 

Type 5 - Design of product 

Type 6 - Organization and control 
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micromotion study. The examination of predetermined subdivisions of 

an operation by use of a motion-picture film and a hand-cranked 

projector to count frames and determine times for the sub- 

divisions. 

multi-man chart. A graphic portrayal of the work performed by the 

participants in an operation and of the time relationships 

between their duties1 

sheet slinger, One of the members of the plywood gluing crew who 

obtains the sheets of veneer from the storage area and places 

them in position on the glue spreading machine, 

synthetic data, A compilation of the descriptions of standardized 

subdivisions of an operation together with the times which have 

been determined for these subdivisions. 



THE MA.TERIAL FLOW CHART SH(MS 
THE PRESENT OVERALL OPERATION 

In order that the analysis which is being made here can be f ollow- 

ed more easily a brief description of the overall process involved, as 

well as a more detailed delineation of the individual operation being 

studied, seems in order. The flow of the materials used in the ply- 

wood-making process will be traced first, then, and the glue spreading 

operation will be segregated later for a more detailed account0 

A material flow chart or diagram is presented in Figure 1, This 

chart shows the relative positions of the various operations in the 

plant, and is intended to show the overall process in general terms, 

as well as to indicate the key position of the gluing operation in 

this process. 

The process starts, quite naturally, with the logs in the pond. 

Peeler logs are floated into the log ll, where they are raised by 

crane to the working level0 Here the bark is removed, and the log 

carried to the lathe, At the lathe, the log may either be turned down 

as much as possible, or may be only partly turned, with the remainder 

being stored for future uses As the veneer comes from the lathe, it 

is elevated into conveyor trays and moved to the clipper. The clipper 

cuts the veneer into the desired sizes and moves it out onto the green 

chain, where the pieces are sorted and stored until they can be run 

through the dryers. After drying, the majority of the veneer is 

placed in storage awaiting patching or gluing. Small pieces may go to 

the plug room, where patches are stamped out and some pieces are sent 
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for taping into panel-size sheets, After any necessary patching or 

taping has been done, the veneer goes to the glue spreaders, where the 

cores are glued and the panels formed, When the required number of 

panels have been made, they are moved into the press, where the glue 

is set under pressure. The panels are then taken to saws where the 

sides and ends are finished, and the panels are trimmed to size. Panels 

with minor defects are then taken to the final patching section, where 

either hand or machine patches are made, Panels with major defects are 

sent to the scarfing section, where the good sections are joined to- 

gether to form odd-sized panels, Finally, the panels are sanded to the 

final finish and stored for shipuent, 

The picture of th overall operations, as shown in the material 

flow chart, provides a major advantage when the analysis and evaluation 

stages of the study are reached, A basic understanding of the flow of 

materials through the plant and of the sequence and relationship of 

the various operations is needed to properly analyze any one operation. 

The effect of changes in one operation upon other related operations 

and upon the material flow may be of great importance, and must be con- 

sidered in any study. 

This can be illustrated, for example, by considering briefly some 

possible effects of an increased rate of production in the gluing 

operation. It can be seen from the flow chart that material being pro- 

cessed spends considerable time in temporary storage before reaching 

the glue spreaders. It could be entirely possible, then, that an 

increased production rate in the gluing operation would mean a drastic 



reduction in, or even complete elimination of, the necessity for tempo- 

rary storage while awaiting gluing. With a reduction in storage 

requirements, then, material would move through the plant faster and 

more efficiently, and the space now taken up by storage could be uti- 

lized to greater advantages 
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THE MULTI-MAN CHART DESCRIBES 
THE SINGLE OPERATION STUDIED 

The operation upon thich this study is based has been touched 

only briefly in the preceding description. In order to properly 

analyze this operation, however, it is imperative that a much more 

thorough understanding be gained. The glue spreading operation, as 

performed in the Albany Plylock plant, embraces the actions of four 

in.dividuals The actions of these four--the core feeder, core layer, 

and two sheet slingers, are shown graiically by means of a multi-man 

chart, Figure 2 presents such a chart of an average cycle of the glue 

spreading operation, while a multi-man chart of the operation during 

the complete period covered by the film is included in the appendix. 

The operation can be described even more vividly by the use of a 

series of photographs and a brief written account. The photographs 

have been selected to show the general work sequence as well as the 

elements which are described and analyzed in the succeeding portions 

of this report, 

Photographs were obtained directly from the motion picture film 

upon which the study is based, This was done by placing the motion 

picture film in a diffusion-type enlarger and projecting the image onto 

3-3/4 x 4-.1/4 inch sheets of film. This served to reverse the ime 
from the original film and make a convenient size with which to work. 

Prints were then made from these negatives. 

The gluing operation is performed in the following manner. The 

core layer and one sheet slinger get a caul board and the bottom sheet 
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of veneer and piace them in position on the machine while the other 

sheet slinger is pushing the previous bundle aside. Figure 3 shows 

the core layer and sheet slinger as they place the bottom caul board 

and first sheet of veneer in position. Next, the left sheet slinger 

Figure 3 

12 

adjusts the machine for operation while the core layer gets into 

position to receive the first core, as shown in Figure 4. The core 

feeder then feeds the sections of core through the rolls of the machine, 

where they are glued. As th cores come out of the rolls, the core 

layer grasps them and places them in position on the sheet of veneer. 

Figure 5 demonstrates this particular part of the operation, showing 

the core feeder as he is getting ready to feed a piece of core 
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into the rolls and the core layer placing one core in position on the 

veneer as he accepts the neth one from the machine. At the same time 

that the core feeder is feeding cores into the rollers, he is also 

inspecting the cores and discarding the ones which are defective and 

not suitable for use. The core feeder is shown in Figure 6 as he 

discards a defective piece of core into the waste box on his right. 

lip,. 

4 

Figure 6 

4 

-.4 

Jhile the cores are being placed, the sheet slingers get another sheet 

of veneer for the middle ply in the panel, and, as soon as the layer 

of cores is complete, thy place the sheet on the cores. In many 

cases the sheet slingers are forced to wait till the layer of core is 

completed, as shown in Figure 7. When the layer of cores has been 
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completed the sheet of veneer is carried over the head of the stooping 

core layer and is placed in position on the machine. Figure shows 

p: !' 

Figure 7 

the veneer being carried over the head of the core layer to get it into 

position. Another layer of cores is then placed, after which two 

sheets of veneer, representing the top face of the first panel and the 

bottom face of the second panel, are placed in position by the sheet 

singers. This routine is then continued until the required number 

of panels has been made. When the 1anp of this bundle is complete, 

it is pushed aside by the core layer and one sheet slinger, where it 

is held until it can be put into the press. The core layer and one 

sheet slinger are shown pushing a bundle aside in Figure 9. 



1 
/, 

0 

L 

I- - -- - 

Figure 8 



1? 

The motion pictures of this operation were taken while five-ply 

panels were being produced. Consequently, the multi-man chart is 

based on making five-ply panels. When panels of other construction 

are desired, there is no change in the basic operation. The chare in 

type of panel nieans only that the number and type of veneer sheets 

placed by the sheet slingers will vary in sequence, 

The se descriptions have been intended as a background for the 

more intensive analysis to be presented later. With this background 

in mind, then, the next step may now be considered, 
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DESCRIPTION OF ICROMOTION STUDY 

As a means of more thorough analysis of the glue spreading Oper- 

ation, a micromotion study was made. This study was quite extensive, 

and was made in the following manner. 

The basis for the study was 300 feet of 16 millimeter film taken 

at a speed of 32 frames per second. The use of a s1ow-rnotioi speed 

made possible much greater accuracy ien the flint analysis was made 

The camera used was powered by a constant speed electric motor which 

eliminated the effect of variations in the power supply, and assured 

that all times obtained would be consistent. The camera was placed at 

a distance sufficient to insure that all four workers participating in 

the operation would be visible in the finished film. 

Upon receipt of the completed films the actual, tedious process 

of analysis was begun. Eauiment used for this analysis consisted of 

a hand-cranked, 16 millimeter projector and a screen upon which the 

film was projected. 

The analysis was made using the following procedure. Each member 

of the crew was observed individually, and his actions were broken down 

into elements, The number of frames required to perform each of these 

elements was then determined and recorded, until the actions of each 

participant had been charted for the duration of the entire operation. 

Plotting of these actions, as shown on the multi-man chart in the ap 

pendix, thus provides a vivid picture of the operation and relato nship 

between the activities of the men. 

In making the analysis and plotting the results, one assumption 
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was made, When the sheet slingers went after the sheets of vereer, it 

was usually necessary for them to leave the area thich was being photo- 

graphed. During these periods, of course, it was impossible to check 

their activities from the film. The time during which they were out 

of view has been considered as being constructively occupied, however, 

and has been shown that way on the multi-man chart, The validity of 

this method may seem questionable at first glance due to the apparent 

wide variation in time to get veneer, which could be an indication of 

additional idle times Closer examination shows, however, that half 

of the times shown are for obtaining a single sheet of veneer while 

the other half are for obtaining two 3heets of veneer, each sheet be- 

ing from a separate pile. If the data is grouped according to these 

two factors the results are much more consistent, with considerably 

less variation from cycle to cycle. 

Another explanation which should be made is that of' what is in- 

cluded in the idle time, as shown in black on the multi-man chart. For 

purposes of this study a man was considered to be idle whenever he was 

not actively engaged in building up the plywood panels. For the most 

part this meant waiting while others were performing their duties, 

This was considered idle time even though the idle one may have been 

holding something during the waiting time as, for example, the sheet 

slingers waiting with sheets of veneer while a layer of cores was being 

placed, The results of the study are quite obvious, Only a glance at 

the multi-man chart is necessary to determine the relative effective- 

ness of the four people involved in the operation, A summary of iirking 
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and idle times has been made in Table 1. Having developed the data to 

this point and determined where weaknesses lie in the present method, 

the next step was to determine and evaluate alternate methods of per- 

forming the operation. 



Table i 

SUNIvIARY 0F OPERATION TIMES 
PLYWOOD GLUING OPERATION 

Core Feeder Core Layer 

Time In 
Element Frames Element 

Adjust machine 260 Get and place caul 

Sort and feed board and sheet of 

cores veneer 

Get core from 
rack 100 Move to machine 

Get and posi- Lay cores 

tion cores 70 

Total Working - Total Working 
Time 9256 Time 

Idle Time 572 Idle Time 

Total Study Total Study 

Time 92 Time 

Idle Time As A Idle Time As A 

Percentage 0f Percentage 0f 

Total Study Total Study 

Time 5.3% Time 

Sheet Slinger - L eet Slinger - R 

Time In Time In Time In 

Frames Element Frames Element Frames 

Get and place caul board Get veneer 43i9 

and sheet of veneer 2 Place veneer l59 
l4 Adjust machine 52 Get and place 

Get veneer 4l9 top caul board 136 

1219 Place veneer l59 Push finished 

6730 Get and place top caul work aside 196 

board 136 
Push finished work aside 100 
Total Working Total Working 

8133 Time 6984 Time 6740 

1695 Idle Time 2844 Idle Time 3088 

Total Study Total Study 

9828 Time 9828 Time 9828 

Idle Time As A Idle Time As A 

Percentage 0f Percentage 0f 

Total Study Total Study 

17.2% Time 28.9% Time 31.4% 

Note: 1 Frame = 0.000521 Minutes 

t\) H 
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CONSIDERAUON OF ALTERIIAflVE 4ETHODS 

In the process of selecting alternatives for consideration, it 

soon became apparent that some limitation must be placed upon the 

number and types of changes which could be examined, If changes in- 

volving all six types of methods studies were considered, the number 

of such possible changes would be practically unlimited, By using 

only the first two types of methods studies and applying them to the 

operation studied, limits can be established and the scope decreased 

to practical proportions, This limitation has boen made, then, with 

the result that a total of eiit alternatives have been decided upon 

for further study, 

The alternatives decided upon are shown in the following list 

in order of degree of change required: 

1. Sheet slinger laying first core until core layer 

returns to position 

2, Feeding cores first from one end and then from the 

other 

3, Rotating as core layer and sheet slingers 

4, Pre-sorting of cores 

5, Core layer taldng the place of one slinger 

6, Use of two core layers 

7, Prepositioning of sheets of veneer in rack over laying 

area 

. Edgegluing cores and clipping to standard width 

The description of each individual alternative method will be made 
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in three parts. The change involved will ije described and the ad- 

vantages and disadvantages of the change will be listed and discussed. 

Final evaluation of the individual changes will be made later after 

the development of the synthetic data has been described. 

The operation, as presently perfonned, involves a certain amount 

of idle time while the sheets of veneer are being placed in position. 

A brief description of the change involved and some resulting ad.-. 

vantages and disadvantages are aven in Figure 10. 

The second alternative to be considered is, in reality, another 

attempt to eliminate the idle time while the core layer is moving 

back into position. The proposed change is described briefly in 

Figure 11 while a sketch showing the operation under this proposal is 

included in Figure 12. 

The third alternative to be considered would involve a more 

widespread change than those previously proposed. Under the present 

method of operation, each member of the crew has a job to do and 

sticks to that one job. This is true even thoui the workload of the 

individuals may vary greatly. The shoet slingers place the sheets of 

veneer and then return to the storage area for more while the core 

layer is laying cores, In mcst cases, the sheet slingers are back 

and waiting while the core layer is still working. The change under 

this proposal is described briefly in Figure 13. This description is 

augmented by the sketch of the proposed workplace arrangement in 

Figure 14. 
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DESCRIPTION OF CHANGE 

Alternative No, i 

COMPARI SON 

Present Method 

Description: The core 
layer finishes a layer 
of core and then bends 
over while the sheet 
slingers carry the next 
sheet of veneer over 
his head and into posi- 
tion. He then straight- 
ens up and returns to 
working position at the 
other end of the machine. 

Advantage: 

Proposed Method 

Description: The left sheet 
slinger, who is already in 
receiving position, would 
lay cores until the core 
layer was back in working 
position. After laying the 
first core, the sheet 
slinger would then go back 
to his regular position. 

EVALUATION OF PROPOSED METHOD 

The time spent in wait- 
ing for the core layer 
to get back into posi- 
tion would be eliminated, 

Figure 10 

Disadvantages: 

1. Sheet slinger would be 
delayed in going after 
the next sheet of veneer. 

2, The sheet slinger, who 
does not wear gloves as 
does the core layer, 
would be forced to grasp 
the freshly-glued core in 
his hare hand, A buiLdup 
of glue on his hands 
might hamper him when 
handling the sheets ct 

veneer. 



DESCRIPTION OF CHANGE 

Alternative No,2 

CONPARI SON 

Present Method 

Description The core 
feeder feeds cores from 
his right to left, re- 
turning to the right 
side after completing 
each layer of cores and 
forcing the core layer 
to walk from one end of 
the machine to the other 
after each layer is 
complet ed, 

Advantage: 
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Proposed Method 

Description: The core feeder 
would feed cores by altei'- 
nating the end from bich he 
would start feeding. Each 
layer of cores would be 
started from the end at thich 
the previous layer was com- 
pleted. 

EVALUATION OF PROPOSED THOD 

Eliminetion of the 
waiting time while 
the core layer is 
moving back into 
position. 

Figure li 

Disadvantages: 

1. Additional uneven ends or 
panels would result. 

2. Additional handling would 
be required to positi 
panels for trinmdng the 
edges. 
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Figure 12 



DESCRIPTION OF CHANGE 

Alternative No, 3 

COMPARI SON 

Present Method 

Description: The two 
sheet slingers place 
the sheets of veneer 
in position on the ma- 
chine arid then retirn to 
the storage area to 
obtain the next veneer 
needed. 

Advarit age s: 
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Proposed Method 

Description: The core layer 
and two sheet slingers would 
rotate on their jobs, each 
one working as core layer 
for one layer of cores and 
then serving as sheet slinger 
for the next two layers. 

EVALUATION OF PROPOSED METHOD 

1. Elimination of wait- 
ing time while core 
layer walks from one 
end of the machine to 
the other. 

2. More variety would be 
introduced into the 
work, with a probable 
lessening of fatigue 
effects, 

Figure 13 

Disadvantages: 

1. Possible union objections 
to men performing jobs 
other than their own and 
resulting insistence that 
all be given higher rates 
as more versatile operators. 

2. Possibility of breaking 
the rhythm on the job by 
the constant rotation of 
men, 

3. The core layer works with 
gloves while the sheet 
slingers do not, 
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Figure 14 

The fourth alternative would take a somewhat different angle of 

attack, When observing the core feeder, one is immediately impressed 

by the number of cores which he discards as not being up to standard 

quality for use in plywood. During the period recorded in the film 

upon which this study is based, approximately thirteen percent of the 

cores handled by the core feeder were rejected, The sorting involved 

naturally takes time on the part of the core feeder, and becomes much 

more important when it means that three other men are idle while the 

sorting is taking place. 



DESCRIPTION OF CHANGE 

Alternative No. 4 

Present Method 

Description: The core 
feeder inspects cores 
as he feeds them into 
the gluing rolls, 
discarding defe ctive 
ones as he goes. 

Advantages: 

COMPARISON 
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Proposed Method 

Description: The cores would 
be inspected and sorted 
before they reach the gluing 
operation, thus allowing the 
core feeder to feed continu- 
ou sly. 

EVALUATION OF PROPOSED METHOD 

1. Elimination of wait- 
ing time while the 
core feeder sorts 
co re s 

Figure 15 

Disadvantages: 

1. Provision must be made 
elsewhere for inspection 
and sorting of cores. 
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To combat this situation, it is proposed that the cores b pre- 

sorted as described in Figure 15. 

Probably the biggest change so far would result from putting 

the fifth alternative method into practice, As previously described, 

the sheets of veneer are placed in position on the machine bed while 

the core layer bends over and allows the veneer to be carried over 

his head. At other times, the sheet slingers are waiting and idle 

almost one-third of the time. To partially balance this uneven work- 

load the problem would be handled as illustrated in Figure 16. 

The sixth alternative proposed for consideration suggests a some- 

what radical change in the operation, and would call for major changes 

in the work routine of both the core feeder and core layer. 

Under this system, two layers would be used rather than one, as 

at present. The method proposed under this alternative is described 

briefly in Figure 17. The workplace arrangement for the proposed 

method of operation is sketched in Figure l, 

The seventh alternative is concerned primarily with correcting 

the situation where almost a third of the sheet slingers' time is idle. 

As has been stated previously, the sheet slingers' time is the most 

inefficiently utilized. This portion of the operation, then, offers 

the most lucrative area for improvement. 

This alternative method would improve the operation by eliminat- 

ing the sheet slingers altogether. The elimination of the sheet 

slingers would be accomplished by using the method described in Figure 

19. Further explanation of t.he proposal is given by the sketch in 

Figure 20. 



DESCRIPTION OF CHAN 

Alternative No, 5 

Present Method 

Description: After corn- 

pleting a layer of cores, 
the core layer bends and 
allows the sheet slingers 
to carry the next sheets 
of veneer over his head 
into position on the glu- 
ing machine, 

Advantage s: 
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Proposed Method 

Description: After complet- 
ing a layer of cores, the 
core layer would turn to a 
pile of veneer behind hin, 
grasp the required sheet 
or sheets, and assist in 
carrying it to the machine, 

EVALUATION OF PROPOSED THOD 

1. Elimination of one 
sheet slinger with 
resultant savings in 
direct labor, 

2. Waiting tine of the 
core layer would be 
utilized by assisting 
in placing the next 
sheet or sheets of 
veneer, 

Figure 16 

Disadvantages: 

1, Elimination of one mern- 
ber of the crew would 
probably result in union 
objections, 

2. Sheets of veneer would 
need to be ttpaired up" 
before use, thus requir- 
ing additional work prior 
to the gluing operation. 



DESCRIPTION OF OHAN 

Alternative No.6 

CO4PARISON 

Present Method 

Description: The core lay- 
er begins feeding cores 
fron his right, working 
across to the left side 
of the machine. After 
completion of a layer he 
shifts the action back 
to his right and repeats 
the procedure. 

Advantages: 
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Proposed Method 

Description: The core layer 
would begin feeding cores at 
the center of the gluing 
rolls and work toward each 
end simultaneously. Two 
core layers would then start 
at the middle and one would 
work toward each end of the 
machine, Upon completion 
of a layer of cores, they 
would return to the center 
and repeat the process. 

EVALUATION OF PROPOSED MITHOD 

1. The core feeder would 
be allowed to fulfill 
two principles of motion 
economy: both hands 
should begin and complete 
their motions simultane- 
ously with no idle time 
except during rest per- 
jods and motions of the 
arms should be made 
simultaneously in oppo- 

site directions over 
symmetrical paths, 

Disadvantages: 

1. The necessity for adding 
another member to the 
crew, with a resulting 
increase in direct lor 
costs. 

2. Core sorting would be made 
more difficult for the 
core feeder, as well as 
increasing the difficulty 
in selecting the correct 

width of core with wbich 
to finish the ends of a 
layer. 
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2. The time for placing 
a layer of cores would 
be reduced considerably. 

Figure 17 

3 Two ragged ends would 
be left on each sheet, 
rather than one, necess- 
itating additional trim- 
ming and handling of 
panels. 
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Figure l 



DESCRIPTION OF CHANGE 

Alternative No 7 

COMPARI SON 

Present Method 

Description: The two sheet 
slingers secure veneer 
from the storage piles, 
wait until the layer of 
cores is completed, 
carry the veneer over the 
head of the core layer, 
and position it on the 
machine4 They then return 
to the storage area for 
more veneer. 

Advantages: 
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Proposed Method 

Description: The veneer sup- 

ply would be positioned on 
a rack over the working 
area so that the sheets of 
veneer could be lowered in- 

to position by mechanical 
means as needed. 

EVALUATION OF PROPOSED MITHOD 

1. Elimination of two 
sheet slingers would 
mean a sizeable re- 
duction in direct 
labor costs. 

2. The time interval be- 
tween layers of core 
could be reduced by 
the elimination of 
the human element in 
placing sheets of 
veneer 

Disadvantages: 

Figure 19 

1, Organized labor would 
protest the elimination 
of both sheet slingers. 

2. The sheets of veneer 
would have to be "paired 
up" or placed in order 
of use before reaching 
the operation, 

3. A device to hold and 
feed the sheets of ve- 
neer would have to be 
developed or adapted. 
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Front Vier 

Workplace Arrangement - Alternative No. 7 

Figure 20 

The last alternative to be considered deals with one of the worst 

features of the gluing operation as it is presently performed. This 

feature is the use of core material having wide variations in width, 

as well as a sizeable quantity of inferior quality, which are rejected. 

This sorting and choosing involves a certain amount of hesitation in 

the performance of his job on the part of the core feeder, and idle 

time for the core layer and sheet slingers as they must wait while the 

sorting is taking place. 
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To do away with the hesitation and waiting just described, this 

alternative proposal would have the cores edgeglued and cut or clip- 

ped to a standard width, as explained in Figure 21. 

The preceding discussion of some possible alternative methods 

for performing the gluing operation has been intended primarily to 

show the multitude of factors which must be considered in analyzing 

the operation, To properly evaluate the various proposals, syn- 

thetic data was developed, A description of the developnent follows 

in the next section of this reporte 



DESCRIPTION OF CHANGE 

Alternative No, 8 

CONPARI SON 

Present Method 

Description: The core feed- 
er inspects and sorts 
cores as he 'eeds them in- 
to the gluing rollers and 
at the end of a layer must 
select the proper width 
core to finish the layer. 

Advantages: 

37 

Proposed Method 

Description: Cores would be 
edgeglued and cut or clipped 
to a standard width, thus 
allowing the core feeder to 
feed without inspecting each 
individual piece of core, 
The core width would be one 
which would build up to the 
correct panel length. 

EVALUATION OF PROPOSED THOD 

1. Sorting of cores by 
the core feeder would 
be eliminated and more 
efficient use made of 
his time. 

2. The time to lay cores 
for a panel would be 
reduced, as the use of 
narrow cores would be 
eliminated and fewer 
cores would be required 
per layer. 

Figure 21 

Disadvantages: 

1. Facilities would have to 
be provided for edgeglu- 
ing and clipping cores 
prior to use in the glu- 
Ing operation. 

2. Where more than three-ply 
panels were being made, 
the panels would be weak- 
ened unless the joints in 
the core were staggered 
in alternate layers so 

that the joints would not 
coincide with each other, 



A THOD FOR THE DEVELOPNT OF SYNTHETIC 
DATA FROM MICRONOTION STUDY 

With the completion of the multi-na.n chart, the basis for the 

synthetic data was also established, It soon became apparent, how- 

ever, that synthetic data developed from this study must be of a 

modified nature. 

The main argument for modification lies in the f iL'ii which served 

as the basis for the study, In recognized synthetic data systems now 

in use, the common movements have been broken down into comparatively 

minute segments, and times set for these senents. Some of these, 

for example, are reach, move, turn, grasp, and release, These are 

in turn broken dcwn still further by weights, distances, degrees or 

other applicable factors. The film of the plywood gluing operation, 

hover, was taken at a distance sufficient to bring the entire work- 

Ing area into view in the pictures. This increased distance has 

resulted in some indistinctness in the basic movements, and made 

necessary the use of larger elements for greater accuracy, Accuracy 

of the element times found by niicromotion study could also have been 

checked by comparing them with results of actual stop-watch time 

studies. This would have provided the shortest and easiest way to 

check the microinotior study data but, inasmuch as a large part of the 

study has been carried on in locations far removed from the original 

location, it was impractical to make such a comparison. 

The synthetic data which has been deve1opd here, then, is based 

on longer elements which are more easily distinguished. These elements 
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have been defined, and the time for each determined. by converting 

the number of frames per element over into minutes per element, As 

the £i].m was taken at 32 frames per second, one minute becomes equ1 

to 1920 franies or one frame takes 0.000521 minutes, 

The discussion of synthetic data will include three Lactors for 

each element studied. First, the individual elements will be identi- 

fled. Then, the starting and stopping points for each element wifl 

be described and set. This is of great importance in any time study, 

as the lack of correctly identified be4nning and ending points makes 

the study practically worthless for further use. The last factor in 

the discussion of the synthetic data will be a description of the way 

in which the time for each element was determined, The basic data 

for the development of elemental times is included in the appendix. 

The basic elements for which times have been set were chosen for 

one reason, They are the elements which control the over-all time 

for the operation, Other work is often performed in conjunction with 

these elements, but those described here are the ones which, when 

combined, determine the cycle time for the operation, A list of the 

elements to be included follows: 

1. Secure and place bottom caul board and first sheet 

of veneer 

2. Adjust machine 

3. Move to machine 

4. Lay cores 

5, Discard bad cores 
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6. Place sheet of veneer in position 

7 Secure and place top caul board 

. Push finished bundle aside 

The first eluent to be discussed, then, is composed of the niove- 

merits necessary for the left sheet slinger and core layer to get the 

bottom caul board and first sheet of veneer from their respective 

piles and place them in position on the machine. 

The be4nning and ending points for the element have been es- 

tablished and identified in the following manner, The time for the 

element starts when the left sheet slinger takes his hands from the 

completed bundle after pushing it aside, and ends when the bottom caul 

board and first sheet of veneer are in position and the left sheet 

slinger releases them, 

The time for this element was established by simply counting the 

frames between the starting and ending points previously established, 

and making the conversion over into time in minutes. The time ar- 

rived at for this element is 0.1458 minutes. 

As this element occurred only once during the time interval 

covered by the film, it appeared desirable to use some means of veri- 

fying the time established from the film analysi s. Some methods 'which 

mit be used for such verification include presently recoized 

systems of synthetic data, stop watch checks, and existing company 

standards. 0f these, the Methods-Time Measurement (Mm) system of 

synthetic data was chosen as a convenient method of checking times, 

This system was also selected because of a desire to apply it to an 
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operation, such as the glue spreading operation, in the hope of de- 

termining how well it would apply to such work, 

Use of the MTh data (6, pp. 42, 43, 112) resulted in a time for 

the first element of 0.2021 minutes, The procedure for obtaining 

obtaining this time is included in the appendix. Of the four element 

times checked by means of MTh data, the greatest difference between 

the times obtained from micrornotion study and those using MTM data was 

noted for this first element. The time obtained by the use of the 

synthetic data was approd.mately 39% greater than that developed from 

the film analysis. This difference in times may possibly be explain- 

ed by analyzing the manner of determining the motions upon which the 

MTh times were based. The motions which make up each element were 

determined by observation of the original film with distances moved 

being estimated, also from film observation. In the case of this 

first element, however, the situation differed considerably from the 

other three. Two men were involved in the performance of the element 

but only the one whose movements controlled or limited the time was 

studied. During part of the element this worker, a sheet slinger, was 

out of th field of the camera. Consequently, the pattern of motions 

which would normally be required to complete the element was used. 

With two men working together, however, there is a distinct possi- 

bility that one of the pair had the first sheet of veneer in position 

for an easier grasp by the other, thus eliminating the times required 

for bending and for arising from the bend. If this were so then, 

the element time determined from using the MTh data would become 
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0.1655 minutes; a difference of approximately thirteen per cent when 

compared with the time obtained by niicromotion study. From this view- 

point, then, the film analysis time seems to be more within reason, 

The MTh system makes no specific provision for adjustment of the time 

for an operation when two nien are dependent upon each other in the 

performance of the task but it seems certain that there would be some 

effect. 

During the analysis of any operation the problem of rating the 

performance of the operators arises. In this particular case it was 

obvious that pictures taken in slow motion would not be satisfactory 

for determining the performance level of the operators. To compensate 

for this inability to rate from the film, then, the crew selected as 

the subject for the film was the group which the company management 

felt would be most representative of all crews on the operation. The 

times obtained from the observation of this representative crew can be 

considered as normal, then, and any rating of performance by other 

mean s will be unnecessary. 

The second element for which a time was set consists of the ad- 

justment of the glue spreading machine. This occurs whenever a new 

bundle of panels is started0 

The following terminal points were established for this element. 

The element starts when the left sheet slinger releases the caul board 

and first sheet of veneer, and ends when his hand leaves the machine 

after making the adjustment. 

The time established for this element was also based on only two 
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observations. The number of frames between the beginning and ending 

points was counted, converted to time in minutes, and the time of 

0.0273 minutes set for the element. 

The fact that only two observations were available for use in the 

analysis again emphasizes the desirability of having additional data 

or of confirming the time by one or more of the methods previously 

mentioned. A comparison with MTh data for this element brout a 

value much closer to the study time than was obtained for the first 

element. A time of 0.025 minutes was obtained by the use of synthetic 

data, as shown in the appendix. Wflen this value is compared with the 

time obtained by film analysis the difference is only 7.4%. There 

was, however, a wide variation between the times obtained frcm the two 

observations made for this element. One of the two values obtained 

was actually less than the time established by the use of the MTh data 

while the other was considerably hier. This variation, from 45 

frames in one case to 60 frames in the other, indicates that the actu- 

al time cannot be standardized and thus is not an appropriate subject 

for the application of the synthetic MTh data. 

The third element to be timed consists of motions necessary for 

the core layer to move back into position at the machine after finish- 

ing one layer of cores. 

Limits were set on this element so that it would fit in with the 

others with no overlapping. Timing was started after the sheets of 

veneer were in place, and the core layer was starting back 
to his 

working position. The element was considered as ended when the core 



layer was back in position and ready to grasp the first core from the 

machine, 

Twenty observations were available for use in setting this tizne, 

giving a great deal more accuracy to this time than to those previous- 

ly discussed. Frames were counted for each occurrence, and an average 

value found and converted into minutes. The time established in this 

case was 0.0317 minutes for the element, 

The next element considered was the simple one of tald.ng the 

glued core from the rolls and placing it in position on the sheet of 

veneer. 

Limits were placed on this element in the same way as on the 

others. The element was considered to be&.n when the core layer grasps 

a core coming from the rollers of the machine, and ends when his hand 

is in position just prior to grasping the next core. 

More data was available for timing this element, and the results 

were quite consistent. Approximately one hundred occurrences were ob- 

served, and the frames counted, to establish a base for the element 

times, Of this number, seven were discarded because of certain 

factors which caused excessive variation in the observed tines, The 

dominant factor affecting these discarded times was interference 

while waiting for the core feeder to sort out and discard bad cores. 

Having eliminated these questionable readings, a series of quite 

consistent times was obtained. The use of these times resulted in an 

average figure of 0.0210 minutes to lay a core. 

As an additional comment upon this value, it is interesting to 
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note that it was compared with times found from stop watch studies 

at the Albany plant, and was found to check quite closely when allow- 

ances for such factors as rest and fatigue were not included, 

A question also arose concerning any difference in times thich 

mit exist as a result of differences in core widths. Times for 

cores under 12 inches in width were compared with cores whose width 

was greater than 12 inches, but no appreciable difference was found 

to exist, 

The fifth element to be considered was the discarding of bad 

cores by the core feeder, 

This element was considered to start fnen the core feeder grasps 

the defective piece of core, and ends when his hand is in position 

just prior to grasping another core, 

Seventeen observations were made of this element, and frames 

were counted. In this case, however, two average values were found. 

A definite variation was found in times for various widths, with the 

result that an average time of 0,0160 minutes per core was establish- 

ed for cores of widths less than 12 inches, while an average value of 

0.0203 minutes per core was set for those over 12 inches in width, 

The next element for which a time was set is composed of the 

motions necessary for the two sheet slingers to carry one or two 

sheets of veneer to the machine and place the veneer in position, 

The following limits were set for this element. The element was 

considered to start when the sheet slingers started to move the sheet 

or sheets of veneer and to end when the veneer was released after 
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positioning it on the machine. 

During the study of this element, 19 observations were made, 

and frnes were counted for each. The observations were then aver- 

aged and converted to give a final value of O.O46 minutes for the 

element, This element was also one for which stop-watch data was 

available, and the results from the two sources agreed quite closely. 

The seventh element to be considered was that of getUng the top 

caul board from the pile and placing it in position on top of the 

bundle of panels. This element is performed by the two sheet sling- 

ers. 

The following end points were established for this element. The 

element is considered to start when the left sheet 1inger s hands 

leave the sheet of veneer, and ends when movement the 

caul board is in position. 

In determining the time for this element, frames between the two 

end points were counted and converted, with a resulting time of 0.0667 

minutes. As the time set for this element is also based on only one 

observation, it again appeared desirable to confirm the value by the 

use of synthetic data. 

The use of the }ffM data, as described in the appendix, resulted 

in a time of 0.0674 minutes or a difference of only 1% when compared 

with the results of the micromotion study. 

The eighth and last element studied is made up of the actions 

necessary to push the finished bundle of panels aside to a point where 

it will not interfere with the layup of the next bundle. 
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Limits were established so that the element time starts just 

after the top caul board is in position, and ends when the left sheet 

slinger takes his hands from the bundle after pushing it aside. 

The time for this element was also established after only one ob- 

servation. Frames were counted during this one occurrence, and a time 

of 0.0563 minutes was set for the element, 

Here again, as in other cases where only one observation is avail- 

able, further confirmation of the time is believed to be desirable. 

In this instance the element time was again synthetized by the use of 

MTh data, as illustrated in the appendix. A value of 0.0523 minutes 

was found by this method. This is a d±fference of approximately 7% 

when compared with the study time from film analysis. Although the 

difference between the times obtained by the two methods is somewhat 

greater for this element than for the previous one, it is comparable 

with the others and is believed to be reasonably accurate. The force 

reouired to push the bundle aside depends largely upon the frictia 

pre sent in the conveyor system and may vary widely; depending upon the 

types of bearings and their condition. As a result of this possible 

variation the element time, as obtained by the use of data, would 

also vary, so that the time obtained should be considered only as a 

rough approximation. 

The method of analysis used in this study has been intended to 

insure a high degree of accuracy in the resulting elemental times. The 

selection of a representative crew for observation has meant that a 

standard performance was approached, and that the regular method of 

performing the operation has been followed. This, coupled with a 



careful determination of times, means that the results should be quite 

accurate. To make the element times more easily available for future 

reference, they have been tabulated in Table 2. Having established 

these times and, using them in conjunction with other data available 

from the film and multi-man chart, cycle times can be predicted and 

comparisons made between the various alternatives previously discussed. 

Table 2 

TABULATION OF SYNTHETIC DATA 
DEVELOPED FRON MICROMOTION STUDY 

Time in 
Element Minutes 

10 Get and piace bottom caul board and 
first sheet of veneer O.145 

2. Adjust machine 0.0273 
3. Move to machine 0.0317 
4. Lay cores 0.0210 
5. Discard bad cores: Under 12 inches wide 0.0160 

Over 12 inches wide 0.0203 
6, Place sheet of veneer in position 0.O46 
7. Get and place top caul board 0.0667 

. Push finished bundle aside 0.0563 

The use of the accumulated data to predict cycle times for the 

alternative methods under discussion will give one basis for compari- 

son. The time to lay up a given quantity of plywood panels will be 

available, and the effects of the alternative methods on production 

can be compared. To obtain this base for comparison, cycle times will 

be determined by tabulating element times, The basic unit used for a 

cycle will be a single five-ply panel. 

Before a valid comparison can be made, however, the present 



49 

method of performing the operation should be analyzed and a cycle time 

computed for it on the same basis as the proposed alternatives. The 

cycle for the present method will be shown in a modified time study 

form, and the alternatives will be described by enumerating the differ- 

ences from the present cycle. The elements and times which make up the 

present method are shown in Table 3. Other data gathered from the film 

and multi-man chart includes the information that there are ten panels 

per bundle, that the average number of cores per layer is 6.4, and that 

the core feeder discards 1.05 cores per layer. An average time was 

Table 3 

PRESENT METHOD - CYCLE TIME 
(PLYWOOD GLUING OPERATION) 

Element 

1. Get and place bottom 
caul board and first 
sheet of veneer 

2. Move to machine 

3. Lay cores 

4. Discard bad cores 

5, Place sheet of veneer 
in position 

6. Get and place top 
caul board 

7. Push finished bundle 
aside 

Element Time Occurrences Total Time 
(minutes) Per Cycle (ininutes) 

0.1458 0.1 0.0146 
0.0317 2 0.0634 
0.0210 12. 0.2688 
0.0182 2.1 0.0382 

O.046 2 0.0936 

0.0667 0.1 0.0067 

0,0563 0.1 0.0056 

Total Cycle Time 0.4909 
Add 40% Allowance 0.1964 
Allowed Cycle 

Time 0.687.3 

used for discarding bad cores, as there was no way to predict the wid- 

ths to be used other than to assume that they would be about the 
same 
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as during the study period, 

In order that the cycle times developed could be put on a workable 

basis, it was necessary to determine an appropriate allowance for fa- 

tigue, personal and unavoidable delays. This was determined by compar- 

ing actual production with theoretical production developed from the 

times found in this study. An estimate from the company management 

indicated that daily production of three-ply panels would be approxi- 

inately 37,000 square feet Converting this to an equivalent amount in 

five-ply panels gives a daily production of approximately 22,200 

square feet or 694 panels. Using the cycle time found in this udy, 

the daily production could be as high as 979 panels. Taking the 

difference between these two figures and dividing by the present 

production gives an allowance of 41%. For purposes of this study, then, 

this figure will be rounded off and an allowance of 40% will be used 

throughout. 

The first alternative, as previously described, would have one 

sheet slinger lay the first core until the core layer returned to 

position. This would eliminate the time for the core layer to move 

back into working position, and would reduce the cycle time by the 

time for that element, With the elimination of that element, however, 

an allowance would have to be made for the adjustment of the machine by 

the sheet slinger, so that a pro rata share of the time for this ele- 

ment would have to be assigned to the cycle time for this alternative. 

Making these two changes, then, the cycle time for the first alternate 

method was developed as shown in Table 4. 

For all practical purposes, the cycle time just determined cai be 
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used for the next two alternative methods. Both the suggestion that 

cores be fed first from one end of the work area and then from the 

other end and the suggestion that the core layer and sheet slingers 

rotate on their jobs would affect the cycle time in the saine way as 

the alternative just discussed. The elimination of the time for the 

core layer to move back into position, and the addition of a share of 

the time for adjusting the machine, would be the only changes in cycle 

times for all three alternative methods. 

Table 4 

DEVELOPMENT OF CYCLE TIME 
FIRST ALTERNATIVE METHOD 

Minute s 

Present Method Cycle Time 0.4909 
Subtract time for moving to machine 0.0634 

0.4275 

Add time for adjusting machine 0.0027 

Total Cycle Time 0.4302 
Add 40% Allowance 0.1721 

Allowed Cycle Time 0.6023 

The fourth proposed alternative would have a somewhat different 

effect upon the cycle time, The proposal that cores be sorted before 

being brought to the core feeder would eliminate the time spent in 

sorting by the core feeder, and would reduce the cycle time according- 

ly, The subtraction of the time for the sorting element from the 

original cycle time gives the cycle time for this alternative, shown 
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Table 5 

DEVELOPMENT OF CYCLE TINE 
FOURTH ALT.RNAT IVE METHOD 

Minute s 

Present Method Cycle Time 0.4909 
Subtract time for sorting cores O.O32 

Total Cycle Time 0.4527 
Add 40% Allowance O.l1l 

Allowed Cycle Time O.633 

The most important result of the fifth alternative would be the 

elimination of one sheet slinger, rather than a reduction in cycle 

time. As a matter of fact, the cycle time would be increased slightly, 

due to the increased time for positioning the sheets of veneer on the 

machine, The increase in time would come, of course, from having the 

core layer turn around and assist the remaining sheet slinger in po- 

sitioning the sheets of veneer. Under this method, the time required 

for obtaining and positioning the sheets would be approximately the 

saine as for getting and placing the top caul board. In view of this 

fact, the latter time has been used in determining the cycle time for 

this alternative method, The new cycle time was found, then, by tak- 

ing the original cycle time and substituting the element of getting 

and placing the veneer for the previous one of simply placing the ve- 

neer in position. Making this substitution, then, the cycle time was 

found as shown in Table 6. 
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DEVELOPNENT OF CYCLE TI 
FIFTH ALTERNATIVE METHOD 
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Minute s 

Present ?'1ethod Cycle Time 0.4909 
Subtract time for placing veneer 0.0936 

0.3973 

Add time for getting and placing veneer 0.1334 

Total Cycle Time 0,5307 
Add 40% Allowance 0,2123 

Allowed Cycle Time 0.7430 

The use of two core layers, as proposed in the sixth alternative, 

would have a variety of results, both good and bad. From the stand- 

point of changing the cycle time, however, the results would definitely 

be good. Studies have shown that the simultaneous use of both hands 

results in an increase in time of from 30% to 4C when compared with 

an operation performed with one hand (I, pp. 58e-590). Using 40% as a 

reasonable figure, then, the time per unit would actually be decreased 

by 30%. Applying this reduction to the time for feeding and laying 

cores and assuming that the time for the core layers to return to their 

starting positions would be halved, the original cycle time would be 

reduced as shown in Table 9. Such a change would mean, however, that 

other factors would need to be considered. Would two core feeders be 

required, for example, to handle the work? As indicated previously, it 

is believed that one core feeder would be adequate, even though he 

would be slowed down somewhat by the necessity for feeding cores with 
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both hands, Little would be gained if the use of two core layers 

meant that ari additional core feeder would also be required. Another 

question which might be asked concerns the need for prepositioning 

cores before the core feeder begins working. It seems almost certain 

that cores would have to be prepositioned in order for the core feeder 

to feed with both hands simultaneously. This could probably be done, 

however, in much the same manner that the core feeder uses for obtain- 

ing cores under the present system. If the cores were stacked near 

hini, as is presently done, then the core feeder should be able to pre- 

position them during the time he is waiting for the sheet slingers to 

place the veneer and the core layers to move into position for the 

next layer of cores. 

Table 7 

DEVELOPMT 0F CYCLE TLtE 
SIXTH ALTEIATIVE METHOD 

Minutes 

Present Method Cycle Time 0.4909 
Subtract 30% of core laying time 0.0806 

0.4103 

Subtract one-half time to move to machine 0.0317 

Total Cycle Tinte 0.3786 

Add 40% Allowance 0.1514 

Allowed Cycle Time 0.5300 

The next alternate to be considered would effect the cycle time 

much the same as the first three proposed alternatives. If the sheets 
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of veneer could be prepositioned in a rack over the work area and fed 

automatically, there would probably be little change in the actual 

time for getting the veneer into position, If the veneer were guided 

down from above, however, the core layer could return to his position 

jhile the veneer was being positioned. The net result, then, would be 

the elimination of the time for the core layer to return to the other 

end of the machine. Consequently, the cycle time for this alternative 

would be approximately the same as for the first three, Although the 

change in cycle time does not indicate it, there would be other time 

savings involved, also. It will be shown later that where "pairing up't 

of veneer is required, as it would be for this proposal, two men work- 

ing full time at such "pairing up" could supply two gluing machines and 

furnish approximately two-thirds of the material required by a third 

machine. As a result, then, the two sheet slingers could be taken from 

the individual machines and two of them set up to supply two machines 

completely and part of the veneer for a third gluing machine. 

The last alternative method would reduce the cycle time in two 

ways, By edgegluing cores and clipping them to a standard width, sort- 

ing time would be eliminated, and the time to place a layer of cores 

could be reduced. For purposes of this study, a standard core width of 

16 inches has been used as that width is handled easily, and fills the 

eiit-foot panel with no waste. The next larger width, 24 inches, is 

in a range which would be more difficult to handle, After eliminating 

the time for sorting and changing the number of cores per layer, the 

cycle time was found as shown in Table 3. 
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Table a 

DEVELOPMENT OF CYCLE TIME 
EIGHTH ALThRNAVE METHOD 

Minutes 

Present Method Cycle Time 0.4909 

Subtract time for discarding bad cores O.03a2 

0.4527 

Reduction due to change in number of 

cores per layer O.O16 

Total Cycle Time O4359 
Add 40% Allowance 0,1744 

Allowed Cycle Time 0.6103 

As a means of more clearly illustrating the differences between 

the various alternatives, a tabulation will be made of the alternatives 

and their respective cycle times, This will show the differences be- 

tween the alternatives on a time basis only. It is important that this 

fact be remembered, as some of the major changes have no effect 
upon 

the cycle times. The synthesized cycle times for the eit alterna- 

tives which were considered are shown in Table 9, 

This comparison indicates that the effects of' most of the alter- 

nate proposals are very nearly the same, with the exceptions of 

alternative number five, where the time increased, and the sixth alter- 

native, where a much greater reduction in time was made than in any 

of the others, It would appear from this, then, that the sixth 

alternate proposal, the use of two core layers, would be by far 
the 

most advantageous. It must be remembered, however, that the advantage 
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Table 9 

COMPARISON OF CYCLE TINES FOR. 
EIGHT ALTERNATIVE METHODS 

Allowed Change 
Cycle Time From Pre- 

Alternative (minutes) sent Method 

Present Method O.673 
1. Sheet slinger laying first 

core until core layer 
returns to position 0.6023 -12.4 

2. Feeding cores first from 
one end and. then from the 
other 0.6023 -12.4 

3. Rotating as core layer and 
sheet slingers 0.6023 -12.4 

4. Pre-sorting of cores O.633 

5. Core layer taking the place 
of one sheet slinger 0,7430 8,1 

6, Use of two core layers 0.5300 -22.9 

7. Prepositioning of sheets in 
rack over laying area 0.6023 -12.4 

8. Edgegluing cores and clipping 
to standard width 0.6103 -11.2 

is only one of time, Other important factors enter into an over-all 

comparison, and the effects of all of these factors must be considered 

before any final decision can be made, To make this over-all compari- 

son, the various factors can be weighed on the basis of their effects 

on the cost of the operation and by this means a more valid decision 

can be made. In the final analysis, it is the cost involved that must 

be considered in determining the most advantageous alternative. 



COST ANALYSIS 

Analyses of the costs of alternative methods are conimonly made in 

several different ways, Alternatives may be compared simpiy on the 

basis of the total cost of putting the plan into effect, This method. 

does not, however, take into consideration the savings ihich may ac- 

crue as a result of putting the alternatives into use, Another method, 

then, is to consider the estimated annual savings as a return on the 

total investment, and compare the alternatives on the basis of their 

respective rate of return, Conversely, the comparison can also be 

made on the basis of the length of time needed for the estimated sav- 

ings to repay the total investment. 

These methods are not strictly applicable, however, to a compari- 

son of the alternatives proposed in this study, Six out of the eight 

alternatives, for instance, require no investment in new machines or 

equipment. These six are concerned only with reductions in, or re- 

assignment of, direct labor. The other two, as well as advocating 

changes in the use of direct labor, would require new machines and 

equipment, In order to obtain estimates of the costs involved in 

using such machinery, manufacturers of' plywood and veneer machinery 

throughout the country were contacted and several quotations were 

received, From these quotations a representative estimate was de- 

veloped for the costs involved in obtaining machinery for edgegluing 

and clipping cores. Â list of the companies contacted is included in 

the appendix, No information was obtained, however, on any equipment 
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resembling the rack proposed in the seventh alternative. Consequently, 

only a very rough estimate could be made by comparing with other some- 

what similar pieces of equipment. In those cases where the cycle time 

was reduced, there would be a corresponding increase in production. 

This increased production is, quite naturally, an important consider- 

ation in making a final decision, Without a sales forecast or esti- 

mate, however, the final effect of changes in production cannot be 

determined, 

The limitations which were previously imposed mean, then, that 

the comparison of alternatives must be modified to conform to these 

conditions. A modified cost reduction report will be included for 

each alternative, thus showing the effect of each one on the direct 

labor involved, as well as the additional costs for the last two 

alternatives. This will not, of course, provide a complete picture of 

some of the alternatives, so that other pertinent factors will be dis- 

cussed whenever necessary to round out the study of that particular 

alternative. In making the calculations, an eight-hour day and a 2l- 

day month were used. Hourly rates used were those in effect at the 

time the study began; $2.03 per hour for the core feeder and core 

layer, and $l. per hour for the sheet slingers. 

The savings possible from the use of the first alternative can 

be found quite easily. By having the sheet slinger lay the first core 

until the core layer returns to position, some of the idle time of 

this sheet slinger has been utilized, while nothing new has been added 

to the operation. The only change, then, is a reduction in cycle time 

for the operation as presently perfonned. The computation of the 



approximate savings for this proposal is shoi in Figure 22 with 

approximate annual savings being $2000. 

As was stated previously, the above estimate is based entirely on 

savings in direct labor, which is in turn based on the assumption that 

total annual production will remain the same as at present. It should 

be obvious, however, that thenever the time required to produce one 

unit is reduced the number of units ithich can be produced during a 

given period of time is increased, Providing that this increased pro- 

duction can be disposed of without creating new problems, the 

prospective increase in quantity is an important factor in the con- 

sìderation of this alternative, A further reduction in unit costs may 

be realized when indirect and overhead costs which do not vary with 

production, are spread out over more units, thus reducing the amount 

applied to any one unit. 

Another factor which should have a part in the evaluation of this 

alternative is that of possible effects on other operations, Shorter 

unit times and increased production for the glue spreading operation 

would mean that preceding operations would have to be speeded up to 

meet the material requirements of the glue spreaders with possible cost 

increases arising for these preceding operations, This sanie line of 

reasoning may also be applied to operations which follow the gluing 

operation in the overall process. These succeeding operations would 

require increased capacity to care for the greater number of panels be- 

ing fabricated. This could be especially true of the press where there 

are definite limitations imposed upon both physical capacity and 
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COST - REDUCTION REPORT 

DESCRIPTION OF ITEM INVOLVED 
Dept.: Gluing Date: 3/10/54 
Operation: Gluing cores and panel layup Product: Panels for 

pre s s 
Object Of Analysis: To determine possible savings froni having one 

sheet slinger lay core until the core layer returned to 
position 

Present Method 
Machine: Glue spreader 

Tools: 

Description: Core layer bends 
while veneer is carried 
over his head, then 
straightens and walks to 
position at opposite end 
of machine 

COMPARI SON 
Proposed Method 

Machine: Glue spreader 

Tools: 

Description: After placing a 
sheet of veneer one sheet 
slinger would lay core 
until the core layer had 
returned to position for 
work. 

Cost of Operations Per Cost of Operations Per 
Involved Panel Involved Panel 

Labor: Labor: 
0.6873 minute per 0.6023 minute per 
panel i?.82 per panel t per 
hour O.Og96 hour O.O?5 

Materials: Materials: 

Misc.: Misc.: 

Total of Above Items: 0.O96 Total of Above Items: O.O?5 

ESTIMATE OF SAVING 
Saving With Proposed Change: (0.O96-O.O75) Equals 0,O1l1 

Per Panel 
Probable Yearly Requirements: lgO,18O panels--present production 

Estimated Savings Per Year (Based on lO,l8O Per Year)--$2000 

Figure 22 
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required processing times 

The additional considerations just pointed out could, in many 

cases, be more closely evaluated by further study of' other operations, 

No matter how the evaluation was made, ho:ever, the final decision 

must be based on the consideration of all pertinent 1acts 

The savings possible from the use of the second alternative may 

be found in the same manner, The reduction in cycle time is the same 

as for the first alternative, and as no other changes have been made, 

the savings for the first two alternatives will be identical. 

The calculation of the savings which would result from the use of 

the third alternative, however, must be made in a somewhat different 

manner, One of the disadvantages of having the core layer and sheet 

rotate on their jobs was previously listed as being the proba- 

bility of union demands for equal pay for all three of the men. As- 

suming that all three would be given the same rate that the core layer 

receives at present, the total annual cost for this method can be 

found, as shown in Figure 23. Considering, then, the increased labor 

cost and the reduced production time which would result from the third 

alternativet use, the total annual savings in labor cost would be 

approximately 44, 
The reduction in cycle time for this alternative means that such 

factors as increased production, lower overhead costs assigned per 

unit, and possible effects on other operations, as discussed previously, 

must be considered in an evaluation of this alternative. 

An analysis of the costs involved in operating under the conditions 

proposed in the fourth alternative includes the same factors as in the 
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C0ST-RDUCTION REPORT 

DESCRIPTION OF ITEM INVOLVED 
Dept.: Gluing Date: 3/10/54 
Operation: Gluing cores and panel layup Product: Panels for press 
Object of Analysis: To determine possible savings from having the 

sheet slingers and core layer rotate on their jobs 

Present Method 
Machine: Glue spreader 

Tools: 

Description: Core layer bends 
ibiie veneer is carried 
over his head, then 
straightens and walks to 
position at opposite end 
of machine 

COMPARISON 
Proposed Method 

Machine: Glue spreader 

Tools: 

Description: After placing a 
sheet of veneer one sheet 
slinger would lay core 
while the other sheet 
slinger and the core layer 
handled the veneer0 The 
three men would rotate 
after each layer of cores 

Cost of Operations Per Cost of Operations 4 Per 
Involved Panel Involved Panel 

Labor: Labor: 
o.673 minute per 0.6023 minute per 
panel per panel © 12 per 
hour 0.096 hour O.0l5 

Materials: Materials: 

Misc.: Misc,: 

Total of Above Items: O.0g96 Total of Above Items: 0,O15 

ESTIMaTE 0F SAVING 
Saving With Proposed Change: (0,O96-O.0l5) Equals 0.O0l Per 

Panel 
Probable Yearly Requirements: lO,1O panels--present production 

Estimated Savings Per Year (Based on 1O,lO Per Year)--$1460 

Figure 23 
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first three, as well as the addition of another one. Pre-sorting the 

cores before they are brought to the core feeder decreases the cycle 

time, but is at least partially counteracted by the necessity for 

providing for sorting facilities somewhere else. If the sorting is 

done elsewhere, then one sorter should be able to supply more than 

one machine, This can be shown by using the synthetic data already 

developed. Taking the cycle time from ich sorting time has been 

eliminated and dividing it by the time to inspect and sort one core, 

it is found that approximately 25 cores can be sorted during the time 

that one panel is being formed. As the average number of cores per 

panel is about 12., this means that one man, sorting full time, could 

supply two machines. In other words, one-half of his time should be 

charged to each machine in evaluating this proposal. Again using the 

present annual labor cost and deducting the savings due to decreased 

cycle time while adding the value of one-half the time of a sorter, the 

total annual difference in labor cost under the fourth alternative is 

estimated to be an increase of 5l5, as shown in Figure 24. In making 

this calculation, it was assumed that a core sorter would be paid at 

the saine rate as the sheet slingers. 

It is evident from the foregoing analysis that the success of 

this alternative would depend directly upon the number of pieces of 

core which were discarded per panel. This point can be well illustrat- 

ed by the use of the following break-even point calculation to show 

when it would become advantageous to presort cores. 
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Let 'ex" = number of cores discarded per panel to break even 

7.32 76 

60 (0.6338 + 0,0255x) = 60 (0.6338) 
4,9563 + O.1994x) = 5.5521 

O.1994x = 0.5958 
x = 2,99 or cores 

This calculation, then, determines how many cores must be discarded 

before the cost per panel becomes the same for both the present and 

proposed methods. From this the conclusion is reached that when less 

than three cores are discarded per panel, it is more advantageous to 

operate under the present system where the core feeder also does the 

sorting. If, however, the nuber discarded should rise above three per 

panel, then it would become more feasible to have the cores presorted 

before they reach the gluing operation. 

In addition, a consideration of this alternative should include 

some attention to the additional space reouirements for setting up a 

core sorting station. 

Alternative number five presents a situation different from any 

yet considered. In this case, there the core layer replaces one sheet 

slinger, the analyst is confronted with an increase in the cycle time, 

elimination of one sheet slinger from the operation, and the necessity 

for ttpajrjflg up the sheets of veneer before they are brought to the 

glue spreader. 

The fifth alternative, then, has been evaluated with the f ollow- 

ing results, For purposes of determining the comparative value of 

pairing up" the sheets of veneer, it has been assumed that one sheet 

of veneer can be handled in approximately the time that it takes to 



CO ST-REDUCTION REPORT 

DESCRIPTION OF ITEM INVOLVED 
Dept.: Gluing Date: 3/10/54 
Operation: Gluing cores and panel layup Product: Panels for press 
Object of Analysis: To determine possible savings from having the 

cores sorted before they reach the gluing operation so that 
the core layer would not be required to sorta 

COPARISON 
Present Method 

Machine: Glue spreader 

Tools: 

Description: Core feeder in- 
spects all cores and dis- 
cards bad ones as he feeds 
them into the rolls on the 
machine 

Proposed Method 
Machine: Glue spreader 

Tools: 

Description: Cores would all be 
inspected and defective 
ones removed before they 
were brought to the core 
feeder 

Cost ol' Operations Per Cost of Operations 4 Per 
Involved Panel Involved Panel 

Labor: Labor: 
0,6873 minute per O.633 minute per 
panel © $7.82 per panel © .76 per 
hour 0.0896 hour 0.0925 

Materials: Materials: 

Misc.: Misc,: 

Total of Above Items: O,O96 Total of Above Items: 0.0925 

ESTIMATE 0F SAVING 
Saving With Proposed Change: (0.O925-O.O96) Equals $O.0029 (in- 

crease)Per Panel 
Probable Yearly Requirements: lO,l8O panels--present production 

Estimated Savings Per Year (Based on 1O,lO Per Year) -- 
$515 (increase) 

Figure 24 
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place the top caul board in position, Using the increased cycle time 

and dividing by the time to handle one sheet of veneer in the "pairing 

up" operation, it becomes apparent that approdmately eiit sheets of 

veneer can be handled during the time required to form one panel. As 

there are three sheets of veneer used in each five-ply panel, this 

means that two men, devoting full time to "pairing up" , could supply 

37.5 per cent of the time of these two men should be applied to each 

machine while making this analysis, Men engaged in "pairing up11 veneer 

will draw the sane pay as sheet slingers. Considering the increases 

due to the increased cycle time and the "pairing up" operation and the 

decrease due to the elimination of one sheet slinger, there is an in- 

crease of approximately $250 in direct labor costs annually, as shown 

in Figure 25. 

Additional space would also be required under this alternative 

for the "pairing up" operation, In this particular case, however, it 

is extremely probable that there would be more than ample space releas- 

ed when the veneer supply for the gluing operation was all placed in one 

pile, rather than several0 

The use of two core layers, as proposed in the sixth alternative, 

again brings two conflicting factors under consideration, In this 

case, a sizeable reduction in cycle time is opposed by the addition of 

another core layer, Analysis and evaluation of these two factors re- 

sulted in ari approximate saving of 470 in annual labor costs, as 

determined in Figure 26. 

Here, again, as in other cases where the cycle time was reduced, 



COST-REDUC'IION REPORT 

DESCRIPTION OF ITEM INVOLVED 
Dept.: Gluing Date: 3/10/54 
Operation: Gluing co res and panel layup Product: Panels for press 
Object of ftna1ysis: To determine possible savings from having 

veneer Tipaired up" so that one sheet slinger and the core 
layer could handle the placing of veneer 

COMPARISON 
Present Method 

Machine: Glue spreader 

Tools: 

Description: Sheet slingers 
select veneer from proper 
pile and carry it over 
the core layer's head in- 

to position on the machine 
bed 

Proposed Method 
Machine: Glue spreader 

Tools: 

Description: Sheets of veneer 
are prepositioned on a 
single pile so that the 
core layer can turn around 
and assist the sheet sling- 
er in positioning the 
veneer on the machine 

Cost of Operations 'Per 
" 

Cost of Operations Per 
Involved Panel Involved Panel 

Labor: Labor: 
0.6873 minute per 0.7430 minute per 
panel © per panel © 7.35 per 
hour O.0g96 hour 00910 

Materials : Materials: 

Ni sc, 

Total of Above Items 

Misc 

0.0e961j Total of Above Items 
I 

0.0910 

ESTIMATE 0F SAVING 
Saving With Proposed Change: (0.O9l0-0.096) Equals $0.0014 

( increase) Per Panel 
Probable Yearly Requirements: l0,l0 panels--present production 

Estimated Savings Per Year (Based on l0,10 Per Year)--$252 (in- 
crease) 

Figure 25 
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DßSCRIPTION OF ITEM INVOLVED 
Dept.: Gluing Date: 3/10/54 
Operation: Gluing cores and panel layup Product: Panels for press 
Object of Analysis: To determine possible savings from the use of 

two core layers. 

CO'ARISON 
Present Method 

Machine: Glue spreader 

Tools: 

Description: Core layer places 
one layer of cores and then 
returns to starting point 
where the ned layer is 
begun 

Cost of Operations Per 
Involved Panel 

Labor: 
o.673 minute per 
panel © per 
hour 0.0896 

Materials: 

Misc.: 

Total of Above Items: 0.0896 

Proposed Method 
Machine: Glue spreader 

Tools: 

Description: Two core layers 
would start from the middle 
and lay cores towards the 
ends of the veneer, return- 
ing to the center at start 
of each layer 

Cost of Operations Per 
Involved Panel 

Labor: 

0.5300 minute per 
panel $9.95 per 
hour 0.0870 

Materials: 

Misc.: 

Total of Above Items : 
I 

0.0870 

ESTIMATE 0F SAVING 
Saving With Proposed Change: (0,0896-0.0870) Equals O.O026 Per 

Panel 
Probable Yearly Requirements: 180,180 panels--present production 

Estimated Savings Per Year (Based on 180,180 Per Year)--ß468 

Figure 26 
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due consideration should be given to the possible increased produc- 

tion and related factors. 

The seventh alternative proposal presents a situation which has 

not arisen in any of the proposals considered previously. In order 

to preposition the sheets of veneer in a rack over the laying area 

and feed them automatically, it is necessary that additional equip- 

ment be provided to carry on this work. 

The cost of obtaining the necessary equipment should enter into 

any final evaluation, as well as the reduced cycle time, the elimi- 

nation of both sheet slingers, and the necessity for upairing up" the 

sheets of veneer. It would be extremely difficult to make an accurate 

estimate of the cost of the required equipment without having some 

preliminary desiis for such equipment. Consequently, only a rougi 

approximation has been made. The total cost was estimated to be 

4000. To put this on an annual basis, comparable to the other items 

involved, the most commonly used depreciation method, the strait- 

line method, was used with an assumed write-off period of ten years 

to give an annual cost of 400. Annual cost of operation and mainten- 

ance is estimated to be approximately 200. Using these estimates, 

then, and considering the other factors previously mentioned, the 

estimated annual savings are found to be approximately $5654 in 

Figure 27. Further study of Figure 27 shows that the costs of putting 

this proposal into effect might go much higher than the estimate and 

the alternative would still be highly advantageous. If the costs 

were ten times as great it would still be a desirable change. 
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COST-REDUCTION REPORT 

DESCRIPTION OF ITEM INVOLVED 
Dept.: Gluing Date: 3/10/54 
Operation: Gluing cores and panel layup Product: Panels for press 
Object of Analysis: To determine possible savings from the use of 

a rack to hold veneer over the work area and feed it as needed 

COMPARISON 
Present Method 

Machine: Glue Spreader 

Tools: 

Description: After each layer 
of cores is completed the 
two sheet slingers place 
the next sheet of veneer 
in position 

Proposed Method 
iIachine: Glue spreader 

Tools: 

Description: Sheets of veneer 
would be prepositioried in 
a rack over the laying area 
and allowed to fall into 
position as needed 

-- 

Cost of Operations $ Per Cost of Operations Per 
Involved Panel Involved Panel 

Labor: Labor: 
O.6?3 minute per 0.6023 minute per 
panela per panel© $5,47 per 
hour 0.0896 hour '),0549 

Materials: Materials: 
Misc.: Misc,: Operation and 

maintenance of feed- 
ing rack ).00l1 

Total of Above Items: O.0g96 Total of Above Items: 0.0560 

ESTIMATE OF SAVING 
Saving With Proposed Change: (O.O96-O.056O) Equals 0.0336 Per 

Panel 
Probable Yearly Requirements: 1O,18O panels--present production 

Estimated Savings Per Year 

ESTIMATED COST OF CHAN 
Total Cost of Change-- 4OOO 

Annual Cost of Change 400 

Based on lO,l8O Per Year--46054 
Less Annual Cost of Change 400 
NET ANNUAL SAVINGS 5654 

New Method Would Pay For 
Itself In One Month 

Figure 27 
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Looking at the problem Í'roin this viewpoint serves to better point out 

the importance of the seventh alternative proposal, 

In addition to the cost of' new equinent consideration should 

again be given to the possible benefits to be derived from increased 

production and associated factors. 

The application of the last alternative would again result in the 

emergence of factors which must be studied in greater detail than were 

the first six alternatives. 

In addition to the direct labor costs of performing the gluing 

operation, the additional costs of obtaining and installing the edge- 

gluing and clipping machines, furnishing the additional labor required, 

and operating and maintaining the new machinery, Information received 

on edgegluing and clipping equipment indicates that an electronic edge 

gluer and a veneer clipper would cost at least $30,000 to install, 

Such an installation would require two men who would probably draw 

about the same pay as the core feeder. Using the average speed of the 

edgegluer as a basis it should be possible for one such machine to 

supply approximately two and one-third gluing machines so that costs 

can be apportioned on that basis. The annual cost of change will 

again be figured on a straiit-line basis using a write-off period of 

ten years, These factors, then, together with the decreased cycle 

time, would result in a approximate annual increase of $2a3, as 

shown in Figure 2. 

As was previously mentioned, the effects of possible increased 

production should also be considered here, 
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COST-REDUCTION REPORT 

DESCRIPTION 0F ITEM INVOLVED 
Dept.: Gluing Date: 3/10/54 
Operation Gluing cores and panel layup Product: Panels for press 
Object of kialysis: To determine possible savings from egegluing 

COMPARISON 
Present Method 

Machine: Glue spreader 

Tools: 

Description: Cores of various 
widths are sorted and fed 
into the gluing machine 
in random order 

Proposed Method 
Machine:' Glue spreader 

Tools: 

Description: Cores would be 
inspected and good ones 
edgeglued and clipped 
to a standard width 

Cost of Operations $ Per Cost of Operations Per 
Involved Panel Involved Panel 

Labor: Labor: 
0.673 minute per 0.6103 minute per 
panel © 7.a2 per panel $?.2 per 
hour 0,O96 hour ).O?95 

Materials : Materials: 
Misc,: Misc,: Operation and 

maintenance of nei 
equinent ).0l87 

Total of Above Items: O,096 Total of Above Items O.O%2 

ESTIMATE OF SAVING 
Saving With Proposed Change : (O,O96-01O92) Equals 0,OO6 Increase 

Per Panel 
Probable Yearly Requirements: l0,l8O panels-present production 

Estinated Savings Per Year (Based on 1O,l8O Per Year)--(Increase) 
l5 50 

ESTIMATED COST OF CHANGE Less Proportionate Share of 
Total Cost of Change 30,0O0 Annual Cost of Change 
Annual Cost of Change$ 3,000 NET ANNUAL SAVINGS (Increase) *238 
Proportionate Share 1,288 New Method Would j Pay For 

Itself 

Figure 2 
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In order that the results of this analysis can be compared more 

easily, the values found have been tabulated in Table 10. Such a 

tabulation of the values obtained provides a good picture of the re- 

lative values of the proposed alternatives. 

Table 10 

SUI MPRY 0F ETIIATED ANNWL SAVINGS 
PLYWOOD GLUING OPAT ION 

Alternative 

1. Sheet slinger laying first core unti1 
core layer returns to position 

2. Feeding cores first from one end and 
then from the other 

:3. Rotating as core layer and sheet 
slingers 

4. Pre-sorting of cores 

5. Core layer taking the place of one slinger 
6. Use of two core layers 

7. Prepositioning of sheets of veneer in rack 

over laying area 
. Edgegluing cores and clipping to standard 

width 

Annual Savings 

$2000 

$2000 

L f 
l4o0 
-515 
-252 
468 

5654 

-2838 

Note: Negative figures represent increases in costs 
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CONCLUSION 

The purpose of this study has, in reality, been twofold. From 

the general standpoint, it was felt desirable to apply several methods 

and time study techniques to a basic operation in the plywood manuf act- 

tiring process and obtain an indication of their value for future use 

in the industry. Such things as material flow charts , multi-man 

activity charts, microinotion study, synthetic data, and cost analysis 

procedures are all valuable aids when properly applied in other 

industries and very probably will prove of value in the wood prod- 

ucts industries as well. iîore specifically, the study has been made 

to evaluate eight different proposals for revising the present glue 

spreading operation to determire which one, or ones, might be used to 

advantage. 

The methods and time study techniques previously mentioned were 

found to ajply to the plywood making process equally as well as to 

other industries where they have been used. The flow chart of mater- 

jais passing through the plant served to illustrate the overall pro- 

cess as well as pointing out the importance of the gluing operation 

as it controlled both preceding and succeeding operations. On a more 

limited basis the multi-man chart pointed out very realistically the 

weak spots in the present operation and focused attention upon needed 

changes. The micromotion study procedure itself served to familiar- 

ize the analyst with the operation to a greater degree than is usually 

possible in the more casual types of studies. With the basic micro- 

motion study accomplished the development of synthetic data allowed 
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the synthesis of times for the various proposed methods, thus provid- 

ing the basis for the final step, the evaluation of the alternatives 

from a money cost standpoint. It is ciui.te apparent that all of these 

techniaues have been valuable parts of the study. bach has been an 

integral part, without which the others would have been only partially 

complete. 

The study of the various alternatives has served to illustrate 

various methods of analysis which can be used, as well as establish- 

ing the superiority of some of the proposed alternatives over others. 

The alternatives have been regrouped in jable fl and listed in order 

of magnitude of estimated savings. 

Table U 
TABULATION OF ALTNATIVE 

IN ORDER OF TIMATRD SAVINGS 

Alternative 

Prepositioning of sheets of veneer in rack 

over laying area 
Sheet slinger laying first core until core 

layer returns to position 
Feeding cores first from one end and then 

from the other 
Rotating as core layer and sheet slingers 

Use of two core layers 

Core layer taking the place of one slinger 

Pre-sorting of cores 
gegluing cores and clipping to standard 

width 

Annual Savings 

;5654 

2000 

2000 
1460 
468 
252 (incr.) 

515 (incr.) 

2838 (mer.) 

It should be noted that where one alternative is under consid- 

eration, it does not necessarily eliminate ali of the other 
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alternatives. In other words, it should be possible to have combin- 

ations of the proposed alternatives and realize even greater savings 

than for the individual proposals, 

OKlENDAT IONS 

As a result of the study sorne concrete recomnendations can be made 

with regard to future action on the material covered. First, it is 

recomiiended that the following four proposals for changes in the glue 

spreading operation be seriously considered for actual application: 

1. Sheet slinger laying first core until core layer returns to 

Pos it ion 

2. Feeding cores first from one end and then from the other 

3. Rotating as core layer and sheet slingers 

4. Use of two core layers. 

Naturally, not all can be used at once but where it is practical as 

many as possible should be used to give the greatest savings. second- 

ly, because of the substantial savings in direct labor which could be 

recognized from the seventh alternative, it is further recommended that 

consideration be given to the development of a rack for feeding the 

sheets of veneer. ireat savings in labor could result from such a 

change and would make it well worthwhile to invest in the development 

of such a device. 

This study has shown that substantial savings can be made in the 

gluing operation; only by actually putting the proposals into practice 

can the true results be known. 
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BASIC DATA USED TO CALCULATE 
ELENTAL Tfli 

Element No. 3 - Bòve to machine. 

Observation Tirae(frmes) Observation Time(frarnes) 

1 loo 11 44 
2 40 12 48 
3 80 13 82 

4 44 14 72 
5 44 15 56 
6 6 16 44 
7 72 17 32 
8 40 18 93 
9 48 19 56 

10 120 20 48 

Average is 60.95 frames or 0.0317 minutes 



KLeinent No. 4 -Lay cores 

Observ. Time-frames Observ. Time-frames Observ Time-f rames 

i 36 35 3f 69 36 
2 48 36 44 70 40 

3 34 37 36 71 46 

4 38 3 34 72 46 

5 36 39 36 73 34 
6 38 40 34 74 

7 50 41 40 75 36 
32 L2 36 76 40 

9 44 43 3 77 42 

J-0 40 44 36 40 

J_1 32 45 34 79 

:1.2 56* 46 34 80 36 

13 34 47 40 J_ 46 

14 36 48 34 82 34 

15 40 49 40 83 34 

16 34* 50 64* 34 38 

17 38 51 34 ¿35 40 

18 38 52 40 86 38 

19 36 53 38 87 40 

20 38 54 40 88 56 

21 40 5 6 89 40 

22 46 6 44 90 50 

23 38 57 48 91 42 

24 32 58 50 92 40 

25 32 59 64* 93 42 

26 56* 60 42 94 38 

27 36 61 44 95 36 

28 40 62 48 96 38 

29 36 63 7* 97 64 

30 44 64 44 98 44 

31 38 65 92* 99 56 

32 36 66 46 100 46 

33 36 67 48 

34 40 68 42 

*Not used - delayed by core feeder 

Average is 40.26 frames or 0.0210 minutes. 



Element No. 5 - Discard bad cores. 

Under 12 inches in width Over 12 inches in width 
Observation Time(f rames) Observation Time(frames) 

J. 30 1 32 
2 32 2 30 

3 24 3 58 

4 28 4 48 

5 42 5 32 
6 26 6 44 
7 40 7 28 
8 28 8 39 

9 36 

Under 12 inches in width - Average is 31.77 frames or 0.0160 min. 

Over 12 inches in width - Average is 38.88 frames or 0.0203 min. 

E1nent No. 6 - Place sheet of veneer in position. 

Observation Time(frames) Observation Time(frames) 

1 94 11 84 

2 84 12 108 

3 88 13 84 

4 96 ]4 88 

5 U2 15 84 

6 84 16 100 

7 76 17 90 

8 96 18 92 

9 88 19 84 

10 76 

Average is 89.89 frames or 0.0468 minutes. 



DEVELOPNT OF EIEI1iT TThES 
USING MîiThODS-TflE iAU1UENT DATA 

Element No, i - (+et and place bottom caul board and first sheet 
of veneer. 

Reach 12 inches Ìl2E 1l. TMU 

Turn body TBII 37.2 
Walk 10 feet WlO' 53.0 

Bend 3 29.0 
Urasp sheet of veneer Gib 3.5 
Arise from bend AB 3i.9 
iove sheet of veneer 30 inches }'0B5 24,3 

iove sheet of veneer 30 inches M30B5i 24.3 

iend B 29.0 
Release veneer RIa 1.7 
t.ìrasp veneer and caul board Gib 3.5 
Arise from bend AB 31.9 
Love veneer and caul board 30 inches M30B15,ì 25,5 

xiove veneer and caul board 30 inches I30Bl5# 25,5 

Total 332,8 TMt.J 

or 0.1997 min. 

ELement NO 2 - Adjust machine. 

Reach 28 inches li28A 16.7 J.M[J 

Grasp handle on machine Gla 1.? 
Turn handle 90 degrees T905 5,4 

ipp].y pressure 16.2 

Release handle RIa l7 

Total 41.7 TMU 

or 0,025 min. 



1ement 1w. 7 - tJet and piace top caul board. 

Turn body 90 degrees TBI 18.6 TMU 
Bend B 29.0 
Grasp caul board Gib 3.5 
Arise from bend AB 31.9 

hôve catil board 30 inches against stop 130A2 29.3 

Total 112.3 TMU 

or 0.0674 min. 

Element No. 8 - Push bundle asido. 

lielease caul board 
Grasp bundle 
Turn body 45 degrees 
iove 18 inches 
hove bundle 30 inches 
Move bundle 24 inches 

T ot al 

101 

1.7 TMU 
G5 O 
TBI i.6 
xil8B5 17.0 
M30B25# 27.0 
i24B25 22.9 

87.2 TItJ 

or 0.0523 min. 
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LIST OF C0IPANIES CONTACTED 
FO INFORMATION ON PLYWOOD MACHINERY 

American Hanufacturing Company 
'iacoma, Washington 

Capital hachine Company 
Indianapolis , Indiana 

The Coe Manufacturing Company 
Painesville, Ohio 

The G M Diehi i.achine 1orks , Inc * 
Wabash, Indiana 

Lamb-urays Harbor Company, Inc. 
i-ioquiam, Iashingt on 

Mann-hus sell E1ectronics 
Tacoma, !ashington 

Merritt-Solem Division 
3olem Machine Company 
lickport., New York 

* Quotations Meceived 


