
University of Northern Iowa University of Northern Iowa 

UNI ScholarWorks UNI ScholarWorks 

Graduate Research Papers Student Work 

1974 

Sandwich Panel Construction Sandwich Panel Construction 

Harry Broadsen 
University of Northern Iowa 

Let us know how access to this document benefits you 

Copyright ©1974 Harry Boardsen 

Follow this and additional works at: https://scholarworks.uni.edu/grp 

Recommended Citation Recommended Citation 
Broadsen, Harry, "Sandwich Panel Construction" (1974). Graduate Research Papers. 3838. 
https://scholarworks.uni.edu/grp/3838 

This Open Access Graduate Research Paper is brought to you for free and open access by the Student Work at UNI 
ScholarWorks. It has been accepted for inclusion in Graduate Research Papers by an authorized administrator of 
UNI ScholarWorks. For more information, please contact scholarworks@uni.edu. 

Offensive Materials Statement: Materials located in UNI ScholarWorks come from a broad range of sources and 
time periods. Some of these materials may contain offensive stereotypes, ideas, visuals, or language. 

https://scholarworks.uni.edu/
https://scholarworks.uni.edu/grp
https://scholarworks.uni.edu/sw_gc
https://scholarworks.uni.edu/feedback_form.html
https://scholarworks.uni.edu/grp?utm_source=scholarworks.uni.edu%2Fgrp%2F3838&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarworks.uni.edu/grp/3838?utm_source=scholarworks.uni.edu%2Fgrp%2F3838&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:scholarworks@uni.edu
https://scholarworks.uni.edu/offensivematerials.html


Sandwich Panel Construction Sandwich Panel Construction 

Abstract Abstract 
It was the purpose of this study to investigate and report on sandwich construction. Included within this 
study is 

(1) the history of sandwich construction; (2) the reason for the development of sandwich construction; (3) 
the flexibility and versatility of this type of construction; (4) an evaluation of the strengths and 
weaknesses of various materials fused together; and (5) its probable use in the future. This study 
concludes with the construction of a shop project. 

This open access graduate research paper is available at UNI ScholarWorks: https://scholarworks.uni.edu/grp/3838 

https://scholarworks.uni.edu/grp/3838


· t>EPARTMINT 0, 
lNDUSTRJAL TECHNOLOGY 
University of Northern Iowa 

Cedar Falls, Iowa 50614-0178 

SANDWICH PANEL CONSTRUCTION 

A Research paper for Presentation 
to the Graduate COllllittee 

of the Departaent of Industrial Arts 
and Technology 

University of Northern Iowa 

In Partial FUlfillllent of the Requireaents for 
the Non-Thesis Master of Arts Degree 

by 
Harry Board.sen 

November 11, 1974 

Ervin A. Dennis



TABLE OF CONTENTS 

CHAPI'ER 

I, THE PROBLEM AND DEFINITIONS OF TERMS USED•••••••••••••• 

The Proble• ••••••••••••••••••••••••••••••••••••••••••• 

statement of the problem•••••••••••••••••••••••••• 

Importance of the study••••••••••••••••••••••••••• 

Limitations of the study•••••••••••••••••••••••••• 

Definitions of Tens Used••••••••••••••••••••••••••••• 

II. HISTORY•••~•••••••••••••••••••••••••••••••••••••••••••• 

III. TECHNICAL INFORMATION•••••••••••••••••••••••••••••••••• 

Usability of Sandwich Panels•••••••••••••••••••••••••• 

IV, 

Advantages of Sandwich Construction ••••••••••••••••••• 

. Facing Material ••••••••••••••••••••••••••••••••••••••• 

Core Materials•••••••••••••••••••••••••••••••••••••••• 

Adhesive Material••••••••••••••••••••••••••••••••••••• 

Thermol Conductivity •••••••••••••••••••••••••••••••••• 

RELATED INFORMATION•••••••••••••••••••••••••••••••••••• 

occupational Infonation 

Geographical Information 

•••••••••••••••••••••••••••••• 

t I I I I t t t It t I I I I t I t t •It • t • t t t It 

Financial Trends•••••••••••••••••••••••••••••••••••••• 

Patent Inforaation •••••••••••••••••••••••••••••••••••• 

V. FIELD TRIP••••••••••••••••••••••••••••••••••••••••••••• 

i 

PAGE 

1 

1 

1 

2 

2 

J 

6 

9 

9 

10 

10 

12 

14 

18 

21 

21 

2J 

24 

24 

a6 



CHAPI'ER 

VI I INSTRUCTIONAL UNIT ••••••••••••••••••••••••••••••••••••• 

Objectives of course Content•·•·•••••••••••••••••·•••• 

Course outline•••••••••••••••••••••••••••••••••••••••• 

Safety Precautions•••••••••·••••••••••••••••••••••••·• 

Evaluation·••••••••••••••·••••·•••••••••••••••·••••••• 

Instructional Aid·•••••••••••••••••·•••••••••••••••·•• 

Maas Production Un1t •••••••••••••••••••••••••••••••••• 

Texts and References•••••••••••••••••••••••••••••••••• 

Tool Infor,mation and supplies•••••••••••••••·•••·••••• 

VII. SUMMARY I I •••••• I ••••• I I ••• I I ••• ,. I ••••••••• I •••••• I ••••• 

BIBLIOGRAPHY •• I I •• I I ••••••••• I ••••• I ••••• •· ••• I I •••• I •••• I. I •• 

11 

PAGE 

JO 

w 
jl 

32 

3-3 

, .. 
3'6 

37 

41 

4-J 

45 



LIST OF TABLES 

I. Thermol Conductivity•••••••••••••••••••••••••••••••••••••••• 18 

II. occupational Infomation •••••••••••••••••••••••••••••••••••• 22 



LIST OF FIGURES 

1. Isometric Block••••••••••••••••••••••••••••••••••••••••••••• J 

2, Facing and I-!eu Resists Bending Moments••••••••••••••••••• 11 

3. Beam Under Load••••••••••••••••••••••••••••••••••••••••••••• 11 

4, Flange and Core Fail in Shear••••••••••••••••••••••••••••••• 13 

5, Sandwich Panel in vertical Shear•••••••••••••••••••••••••••• lJ 

6. Sandwich Panels Under Vertical Load••••••••••••••••••••••••• 15 

7. Apparatus for Theraol Conductivity Experillent ••••••••••••••• 19 

8. Device For Testing Sandwich Panel Strength•••••••••••••••••• 20 

iv 



CHAPTER I 

INTRODUCTION

The writer of this report chose sandwich construction to 

investigate and report on in order to broaden his knowledge in 

this area. Numerous articles have been wri tten on this subject 

expressing an ever increasing use and versatility of this type 

of construction in many industrial fields. Sandwich construction 

is not only suitable to stationary structures, it is also applicable 

to moving vehiclea as well. Very little infomation is written 

about sandwich construction in school text books. Therefore, 

it seems advisable to incorporate a unit on sandwich construction 

into the wood area of a school shop. 

I. THE PROBLEM 

Statement !!_ the problem.It was the purpose of this study 

to investigate and report on sandwich construction. Included 

within this study is (1) the history of sandwich construction;

(2) the reason for the development of sandwich construction;  

(3) the flexibility and versatility of this type of construction; 

(4) an evaluation of the strengths and weaknesses of various 

materials fused together; and (5) its probable use in the future. 

This study concludes with the construction of a shop project. 



Importance~~ study. Sandwich construction •a introduced 

to the public prior to world war II in an experiaental plane. 

Today, however, the use of this type of construction baa wide-spread 

application. It is being used in all transportation Yehicles, 
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whether they operate on land, in the sea, or in the air. Sandwich 

const:ruction is used in all areas of construction and h011e furn1ah1ngs. 

This method of construcion has steadily increased since the 1~•• 

and is presently recognized as an inruuable method of conatrucion 

in our products today. All predictions quoted by lead.era in the 

sandwich construction industry indicate that this aethod of construction 

will continue to increase.in the future. 

Since sand.111.ch construction has gained vast proainence in 

industry, it is important to understand its illplications in industry, 

its specific qualities llb1ch lend themselves well to a specific 

use• and the advantages and dlaadvantages of this type of construction. 

Lhi t&tions ~ study. This study on sandwich construcion 

is limited to information c011piled from references in books and 

magazine articles from local libraries, froa correspondence 

received from various agencies associated with aand1d.ah construction, 

and from a visitation to a local industry that employs the method 
. 

of sandwich construction, 



II. DEFINITIONS OF TERMS USED 

sandtd.ch construction. sandwich construction refers generally 

to those types of composite conatruction consisting of two high­

strength, thin facings, rigidly attached to either side of a low­

density, shear-resistant and relatively thick core aaterial. 

(M~rahall, 1966, p. 586). (See figure 1, p. J). 

Figure l 

ISOMETRIC BLOCK 



Facing. The thin outer ••ber on a sandwich panel which is 

made ot a high denaity strength aa.teria1. 

~.Aten used interchangeably with tacing,and meaning 

the same as facing. 

~• A low density, light-weight aaterial located between 

facings in a sandwich construction panel. 

Solid !2!!• A solid, light-weight, low density material used 

in sandwich construction. 

Honeycoab ~• A cellulose designed core used in sandwich 

construction. 

Fiberglas. Finely spun filaments of glass made into yarn 

that is woven into a fabric. 

Section-modulus. Moment of resistances a measure of the 

comparative strength of beus. 

MOJ1ents. The tendency to cause rotation about a point or 

axiss the product of a force, mass, and volue, and its perpendicular 

distance from its axis, 

Bending torces. An applied load whic~ causes a ■ember to bend 

or detlect. 

&2! density. A light-weight aaterial. 

!!!§!! density. A heavy, high dense material used tor the facing 

in sandwich construction. 

Adhesive. A material that bonds the core and the tace 

together. 



Yield strength. Slightly above or beyond the elastic limits 

is that unit stress at which point the speciaen begins to stretch 

without increasing in the load, 

Rigid fiber board, A sheathing manufactured frail fibers of 

wood, cane, or other vegetable utter. 

Shear load. The separating and sliding of one part of one ---
member past the adjoining part of the sue 11eaber, in a direction 

parallel to their plans of contact, (Marshall, 1966, p, ,588), 

5 



CHAPl'ER II 

HISTORY 

Sandwich construction entered into the industrial fieid in 

the early 1940 1 s JS an experiaental ..._terial in the de Havilland 

Mosquito figbter-banber. Aircraft designers wre searching for 

a type of construction that was light in weight, and yet contained 

adequate strength to resist stresses and strains developed during 

fiight. The skin or the sandwich panel •• of spruce plywood, 'Nhile 

its core contained balaa wood. Sandwich panels nre used in the 

wings and fuselage and in the tail section. This experlaental 

aircraft built with sandwich construction panels proved to be 

six times lighter in weight than a plane of siailar size built of 

&lWlinWl materials. 

During and after world war II extenalw theoretical and 

experimental research proved that •ight could be reduced in 

sandwich construction by using a thin aetal face having a higher 

strength-:than plywood. Thus in the aandwich. akin designated as 

Metalite by the Chance-Vought Aircraft Corporation, the faces were 

of aluminum alloy and the core was of balaa. The thickness of the 

faces was 0.01 to 0.02 inch. 

Other metals, such as stainless steel, were alao proposed 

for the faces. However, 11etals have the disadvantage of being 

difficult to fora, so that coaplex shapes are quite expensive 

to manufacture. This drawback can be eliminated if a textile is 



used as the face material, since it can be cut and glued to the 

required shape without difficulty. 

The textile used had the trade name Fiberglas. On a weight 

basis, Fiberglas textile could carry just as much load as aluainUll­

alloy sheet. (Collier•s Encyclopedia, Voluae 1, p. 2SJ), 

The following years after world war II a plastic ultra­

light weight spongy substance entered the industrial market as 

an excellent core aaterial, namely cellular cellulose acetate, 

polystyrene, and polyvinyl. Also during this tiae synthetic 

glues and glueing techniques were developed which pe:aaitted the 

bonding of materials as different as wood and aetal. 

Architects, building engineers, and industrial product manu­

facturers did not introduce structural application of sandwich 

panels until early in 1950. The basic system for u.nufacturing 

structural sandwich structures followed the same procedure as 

aircraft manufactures employed, (Lewis, 1963, p. 46). 

Architects were hesitant in using sandwich construction 

in thei:t.:.building designs since very little research on plastics 

in this industry had been done at this time. They were concerned 

whether sandwich construction could withstand the loading applied 

upon them. They were also concerned whether the adhesives were of 

sufficient strength to pe:raanently bond the face and core while 

heavily stressed. (Lewis, 1963, p. 48). 

7 



In recent years a considerable aaount of research has been 

employed in building construction using sandwich practices. 

Monsanto Chemical company has an experimental house on exhibit at 

Disneyland Park, Anaheim, C&lifornia, called the "Plastic HOiie of 

the FUture" which was opened to the public in 19.57. Periodic 

inspections of this home for structural weaknesses and aaterial 

deterioration have provided significant evidence that sandwich 

construction is a sound method for building. 

In the future one can expect that plastics and aetala will 

be combined using the recently developed improved adhesives into 

a new series of prefabricated sandwich panels that may be used 

structurally, and that will have high thenol insulation values. 

The use of sandwich panels in aircraft will become greater 

in the future. There is not a plane fiying today that is not 

partially constructed by this method of construction. All of the 

space ships are also built by this aethod, and who knows, our future 

space stations may be built in the same way. 

(Collier·•s Encyclopedia, Volmae l, p. 254). · 

8 



CHAPTER III 

TECHNICAL INFORMATION 

There are two different kinds of core uterials uaed in the 

manufacturing of sandwich panels. The first type of material used 

is a solid core which 1• a light, low density aaterial that is in 

sheet form. A second type of core material used is honey comb 

which looks.much like dividers in an egg crate. 

Throughout this report the writer refers only to the solid 

core type of sandwich panels. 

I. USABILl'l'Y OJ' SANDWICH PANELS 

Sandwich construction is used in the manufacturing of the 

following products, 

1. Aircraft --- fuselage sections, wings, fiooring, doors, rotor 

blades, and ailerons. 

2. Semi-trucks --- fioor bed, aide walls, and top. 

3. Boats and ships --- hulls and interior ~itions. 

4. Mobile units --- house trailers, travel trailers, caapers, and 

aotor homes1 used for aide walls, fiooring and roofing. 

5.. Buildings --- bearing walls, roof panels, interior and exterior 

partition walls, curtain walls, fiuah doors, beam girders, and 

toilet partitions. 

6. Canaercial desks and furniture. 



II. ADVANTAGES OF SANDWICH CONSTRUCTION 

The many advantages of sandwich construction explain why 

manufacturers today are using this type of construction aore and 

more. Some of the advantages of this type of construction are 

listed belows 

1. High strength-to-weight ratio 

2. Resistance to heat transfer and vibration 

3. Use of nearly any structural aaterials 

4, High speed production 

.5. Ease of fabrication 

6. Electromagnetic shielding 

7. Noise suppressing quality. 

III. FACING MATERIAL 

The facing aaterial is a thin, high strength panel which 

is fused to the core material with an adhesive designed for a 

specific purpose. 

The high density facing of a sandwich panel corresponds 

to the nanges of an I-beata. The object being to place a high­

density, high-strength material as far from the neutral axis as 

poslible to increase the section modulus without adding much lfttight. 

When a sandwich panel is loaded like a beam, the facing resists 

the moments due to bending forces. (Marshall, 1966, p. St!E>). 

(See figures 2 and J, p. 11). 
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Forces acting on flange and facing of sandwich panel are 

similar., They both resist the moments due to bending forces. 

0 

-, 

,1 

Web 

Facing 

Figure 2 

' V D 
~-

b 

Facing 

0 

Neutral Axis 

f) I> 

I.> 
. b 

FACING AND I-BEAM RESISTS BENDING MOMENTS 

Deflection Facing A 

0 4 cs. -'>), 

, ~ 

0 Facing B 6 ' ,!:, C> 

11 

-b C:> 

-
6 '6, 

As load is applied, facing "A" goes into compression and facing 

"B" goes into tension. 

Figure 3 

BEAM UNDER LOAD 



The _facing aaterial uy consist of •any different kinda of 

high-denai ty, high-strength aaterials. These facings aay be of 

the aue aaterl..al or a coabination of different aateriala according 

to the particular job for llhic!) they are intended to serve. 

Listed below are different aaterials that can be uaed for 

facings, 

1, Stainless steel, 

2. Alumina alloy. 

'.3. Mild steel. 

4. Porcelain enaaeled steel. 

,S, GypSUII board, 

6, Plywood, 

?. Reinforced plastic laainatea. 

IV. CORI MATERIMS 

The core uteri.al in aandlfich construction ie a low-density, 

light 119ight uterial sandwiched betnen a thin facing uteri.al of 

high dens1 ty. The core in a sandwich panel is ccaparable to the 

I•beaa web llhich supports the fiangea and allo1f8 th• to act as 

a unit, The web of the I-beam and the core of the eandlfich panel 

carry the beu stress. The core is different fraa the I-beaa since 

it nintains a continuous area support for the facing, allowing 

12 

them to carry stresses up to or above the yield strength without 

crlppllng and buckling, (Marshall, 1966, p. ,586). (See figure '.3. and 4, 

p. 1)). 



Both web of I-beam and core in sandwich construction fail 

in shear. 

t> - 0 . c:) 

I-Beam 
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t;;,' D -
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- L:\ /). 
1) 
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Figure 4 
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Figure 5 

SANDWICH PANEL IN VERTICAL SHEAR 

I 

• I 

Core b 
• l , 

~ 6 - "' 
,(') 

~ 

13 



The core may consist of many different aateriala, each 

designed for a specific purpose or job. Several different aaterials 

that can be used for the core ares 

l. Rigid fiber board. 

2. Cellular cellulose aoa:tate, 

3. Polystyrene. 

4. Polyvinly • 

.5. Expanded urethane foam, 

V. ADHmIVE MATERIAL 

The adhesive material in sandwich conatruction ia the 

bonding agent between the facings and the core, The adheai ve which 

bonds the core to the facing aust be capable of trana1tt1ng 

shear loads betwen these coaponents, thus making the entire 

structure an integral unit, (Marshall, 1966, p • .SB?). 

When a sandwich panel is loaded as a beaa, the core and 

bonding adhesive resist the shear loads while the facings reaist 

the moments due to bending forces, and hence.carry the beaa bending 

as tensile and CClll.pression loads. When loaded as a coluan, the 

facing alone resists the column forcea, while the core stabilizes 

the thin facings to prevent buckling, wrinkling, or crippling. 

(Marshall, 1966, p, .588), (See figure 6, p, 1.5). 
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The function of the adhesive material is to transmit the shear 

load between the facing and core. The vertical panel facing resists 

column forces while the core stabilizes the thin facing to prevent 

buckling and crippling. 
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Figure 6 

SANDWICH PANELS UNDER VERTICAL LOAD 
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Listed below are different adhesives which are used in bonding 

the skin and core together in sandwich construction, and a brief 

characteristic of each. 

1. Epoxy resin. Epoxy resina are a two part adhesive, 

consisting of resin and a hardener. When mixed together, 

a chemical action takes place which provides an ideal 

adhesive material. These can be used to join wood to wood, 

or to almost any other material. Epoxy resin aay be applied 

w1 th a stick or brush at any teaperature. No clamping 

is necessary, and it will dry faster it heat is applied. 

Epoxy resin is water proof, oil proof, and non-inflUlllable. 

2. Resorcinol resin. This glue is good for any work that 

may be exposed to soaking, such as outdoor furniture, 

boats, etc. It is very strong as well as waterproof. 

It will work best at 70 degrees or wamer - it will set 

faster at 90 degrees. It takes about sixteen hours 

to dry. 

:,.-: Contact cement. contact caent is.a neoprene-based 

resin, rubber-type adhesive. The adhesive is applied 

to both surfaces and allowed to dry. Then the surfaces 

are brought into contact. The bond is mediate so 

no claaping, nailing, or holding down is required. 

This makes contact ceaent particularly uaeful in applying 



plastic laminates such as countertops. It should be 

applied at a temperature of 70 degrees or warmer. 

4. urea resin. urea resin is available in either liquid - . 

fora or as a powder. It is moisture resistant and 

17 

bold wood surfaces together securely. At room t•perature 

it takes from four to eight houra to set. This setting 

tille may be reduces by increased teapel't.ture, urea 

resin is often used for gluing plY'1fOOd which.is bonded 

in hot presses (240-260 degrees) in from three to 

five minutes, (Wagner, 1967, p. 7-1) • 

.5, Vinyl acetate eaulsions. This glue is aoa•tiaes used 

on panels for interior part1tiona. Generall7, it should 

not be used where water resistance is required, 

New adhesive products which will be on the Jl&X'ket in the 

future &rec 

1, Polyaldehyde. 

2. Polycarbonates, 

3.~ Lenear olefin polymers, 

4. Flaae-proof' inorganic poly!lers, {Wagner, 1967, p. 7-1), 



Baas Wood 

Table I 

'l'HERMA'L CONDUCTIVITY 

Types of Materials 

1/8 " AlwainUll Metal 

Ridd Fiber Board 

Skin Core Skin 

Foraica Rild.d Fiber Board FODlic& 

Plywood Rigid Fiber Board Plywood 

Metal Rigid Fiber Board Metal 

Fomica Styro-foam Plywood 

Plnood. Styro-foam Metal 

fl t 
Cf.I E-4 

70 

70 

70 

70 

70 

70 

70 

70 

0 ..... 
>, 

J, ~ 

~ 
fl~ ii is: .! 8 ~-= ~u 

10, 3.3 

111 ,.1 

100 JO 

94 24 

90 20 

99 29 

98 28 

99 29 

Experiments were aade of the thermal conductivity of different 

kinds of-:sandlfich panels. These teat result, indicate that there 

was less thermal conductivity in the aandldch panel which w.s coaposed 

of plywood facings with a rigid fiber board core. Aluainum rated 

btgh in the test of the:mal conductivity. Wood lUllber possessed 

greater the:mal conductivity that the sandwich constructed aateriala. 

The writer of this paper conducted these tests to verify the thenail 

conductivity of different materials 11h1ch are used in aandldch 

construction. 
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Experiment of ThenalConductivity of different sandwich panels. 

l. Propane fuel torch 

2. Stand 

3. sandwich panel 

4. Glass fiask 

s. Them011eter 

.60 ob 

2 

-. 

Figure ?, 

APPARATUS FOR THERl'.AL CONDUC'l'IfflY EXPERIMENT 



Press 

· t,. '& V • 'o . ti. 
0

·• · i ·. ·.' ~ · ·. Sandwich Panel 
.6.'c,·1>, 

" , (J • o • c,. t::,. '.A , - 'c. .. 

Wood Support 

Base (Preas) 

Figure 8 

Force applied 
to beaa 

DEVICE FOR TESTING SANDWICH PANEL STRENG'l'H 
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The writer of this paper constructed this apparatus so that he 

could test the strength of sandwich panels. Results of these tests 

are not presented in this paper since this testing 1nstnment did 

not prove to be reliable. 



CRAFTER IV 

RELATED INFORMATION 

Sandwich construction is generally considered to be aaong 

the fastest growing industries today. The future of this type 

of construction appears to be good. This is due, in part, to the 

new and improved adhesives developed from plastics. Froa this 

entirely new method of construction and assembly could develop 

a vast mmber of new job opportunities 'Nh1ch do not presently 

exist. 

I. OCCUPATIONAL INFORMATION 

Since there are no exact occupational statistics coaplled 

for the field of sandwich construction, the writer has accumulated 

job requirements for the many jobs connected with this field. 

(See figure 8, p. 22}. 

It is interesting to note that very little advanceaent 

can be expected by persona w1 th a lillli ted education. Another 

thing to notice is that an industrial designer can increase his 

earnings far exceeding the average wage paid in his profession 

if he poaaesses exceptional talent, particularly in the area of 

creativity. 
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II. GEOGRAPHICAL INF08MATION 

In Iowa there are two fims that are using this type of 

construction in their products. The Winnebago Industries, Inc. 

2J 

at Forest City, Iowa, uses sandwich construction in the manufacturing 

of motor homes, travel trailers, and campers. The Mccoy 

Manufacturing and Sales Company in Indianola, Io•, use this 

method of construction in ilanufacturing campers. The following 

map shows the location of these two Iowa industries. 

Winnebago Industries 
, Forest City 

, 

, waterloo 

MCCoy Manufacturing 
Indianola 



III. FINANCIAL TRENns 

For the plastics industry, building is already a big business. 

Yet in tems of the over-all aa:r:itet, plastics still have a long way 

to go to achieve the full potential which building represents. 

Allied Chemical's Barrett Division, a large chem.ical fim, predicts 

that the current $450 million value of plastics in building would 

multiply tenfold to a $4 • .5 billion business by 1970. {Grove, 1962, 

p. 163). 

The $4 • .5 billion plastics business by 1970 is a prediction 

for the whole plastic industry. However, a large percentage of this 

huge swa of money will be spent for the aanufacturing of sandwich 

construction materials, 

IV. PATENT INFORMATION 

Definition. In the United States a patent is a legal 

doCUJ1ent issued by the federal govermaent granting an inventor 

the sole right to make, use, o:t sell his invention for a specific 

period of tille. 

Years~ protection. The federal law states that the in­

ventor's ideas are protected for a period of seventeen years. 

Application~! patent. 

1. A petition, with power of attorney. 

2. A specification, signed by the inventor, which sets forth a 

full description of and all the claiaa Jl&de for the invention. 
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It ia in this connection that a patent attorney is ■oat 

needed. 

3, An oath signed by the inventor before an authorized official, 

4, A drawing made according the the patent office rules of practice, 

5. The filing fee of seventy-five dollars, (Fuglsby, 1963, p. 121), 

Patent attornez fe••• The fees paid to the patent attorney 

for his service• in securing• pa~nt for a client uBU&lly range 

from three hundred dollars ($JOO) to four hundred fifty dollars 

($4.50), depending upon the idea that is being P,&tented, 

~ Developaent COJIIJlission. The Iowa Development 

COll&lasion Foundation Incorporated ia located in the center for 

Industrial Research and Service, 202 Building East, Io• State 

University, Alles, Iowa, .50010, Thia couisaion will assist Iowans 

in procuring a pa.tent for their ideas at a naainal fee or a per­

centage of the royal ties received. They will also help in prcaoting 

sales for these ideas. 

2.5 



CHAPI'ER V 

FIELD TRIP 

On March 8, 1968 the writer ot this report visited the 

Winnebago Industries, Incorporated, located at Foreet City, Iowa. 

Thia motor hoae aanutacturing factory is the largest of its kind 

in the United states. 

The tour began in the area of the factory where the themo 

sandwich panel •s being constructed wbich is used for the floors, 

aides, and roofs. 

At the first assembly viaited,,two uterial bandl.ers w:re 

inspecting the plywood panels for defects before placing th• on 

the production line. The panels are then sent through a heat 

oven to remove surface aoisture to enable total contact for the 

bonding aaterial, In the next operation the adhesive aaterial 

was sprayed to the panels automatically, 

As the panel passed to the next operation, rigid reinforcing 

members twood) were placed on the panel in predete:mined locations, 

then the styro-foaa was placed on the reaainder of the panel. 

The panel was then sent through a ccabination heat and pressure 

rolling machine which fused this panel and core into a single 

panel section. 

Next the panel section 11&.s sent to another aaseably line 

where the aluaillWI skin facing •s bonded to this panel section. 



The panel sections that were being assembled at this particular 

the were approximately eight feet wide and twenty-two feet 

long. This section would be, at a later time, a long side for the 

twenty-two foot motor home. It •s interesting to note the ease 

at which two aen could lift this panel section and transport it 

to another area for cutting. One can imagine the amount of energy 

it would require for two men to lift such a panel COlllposed of 

metal or wood. 

A template •s lowered over this panel section and clamped 

into place. The windows and doors were then cut out of this panel 

with a router. The outer perimeter of the panel section 'N&S cut 

to match the outer edge of the template in the saae manner. 

The floor panel sections were constructed similarly to 

the side walls of the motor home. The fioor section 11&s fastened 

to the truck frame with special fasteners designed by their own 

engineering department. The cabinets, shower stall, and auxiliary 

light plant is then fastened to the fioor section. The long aide 

panel sections are then lifted into place and.secured to the frame. 

Next the top, front, and end panels are installed and fastened 

into place. At this point of construction the motor coach is 

COJli)letely enclosed. 

The assembly operations to follow in order to complete the 

motor home unit consist of installing the windows, hanging doors, 

installing the remainder of the plWllbling fixtures, installing 
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interior equipment, thorough cleanings inspecting and fine adjust­

ment of iJllproperly fitting equipnent, and the replaceaent of daa&ged 

or illperfect parts. 

The assembly line is geared to produce sixteen aobile units 

a day, In a year or two, however, production is expected to double 

its present capacity. 

In September of 1964 the Winnebago factory burned coapletely 
. . 

to the ground from an unknown cause. In the new or existing 

building several safety measures were·installed which they did 

not have before. The present building is fire proof. Dust 

collecting syste11s have been installed to further reduce the cha.nee 

of fires, and also provide healthier working conditions. A large 

ventilation system•• installed to remove toxic and combustible 

fumes from the lamination area for health reasons as well as 

for fire prenntion. The paint and welding shopa are independent 

structures removed froa the asseably building to further reduce 

fire hazards. All the btlildings are equipped with high preuure 

water spray systems to quench any fire which aay get started. 

Smoking •a confined to well protected and ventilated areas 

throughout the large assembly building, 

The writer had made prior armngeaents to visit Mith Mr, 

Wilson, public relations director, however at the last aoaent 

he w.s called out of tow so this visit w.s not possible. 



He did, however, leave some info:mation telling about the Winnebago 

Industries factory as well as soae uterial saaples showing how 

these sandwich panels look. 

Thia was a very valuable field trip for the writer because 

the aystea of sandwich construction was entirely new to him. 
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CHAPTER VI 

INSTmJCTIONAL UNrr 

An instructional unit on sandwich construction would be 

valuable as well as beneficial to all junior high and high school 

students. They should bec011e fudliar and &11&%'8 of the many uses 

of saniwich· construction, and its great potential in the manufacturing 

of buildings, ships, other vehicles, and hoae products. 

In junior high school the instructional unit should be a 

general introductory unit, Shop projects should be aall and 

relatively aillple to construct. 

In the high school a unit on sandwich construction should 

include technical information, testing methods, aasa production 

projects, and conclude with occupational and other :related 

intonation. The projects should not be considered aa a ••ans to 

an end, but rather as a device to assist in a better understanding 

of the method and use of sandwich construction. 

Objectives~ Course Content. 

1, To infom. students of the history and deYelopaent of 

sandwich construction. 

2. To develop with each student SOile understanding of the 

illportance of sandwich construction and its effects on 

society. 



J, To provide the students with an opportunity to practice 

some of the skills and to learn the probl•s involved 

in constructing sandwich panels, 

4, To infom students of occupational and other related 

information concerning sandwich construction, 

course outline, 

1, Introduction to sandwich construction 

A, History' 

B, Diportance to society today 

c. Industrial application 

1, . Aircraft -- space vehicle• 

2, Ship building industry 

J. • comercial and reaidential building 

4, Vehicles -- all types 

.5, Furniture -- c01111ercial and residential 

31 

D, Locations of industries producing sandwich construction 

panels 
--

E. Employment opportunities -- existing jobs as wll 

as new jobs in the future 

II, Technical inforaation 

A. Basic science 

1,. Facing material properties for sandwich construction 

2, Core aaterial properties tor aaJJdwich construction 

3. Adhesive aaterial properties for saJJdwich construction 



B, Types of materials uaed 

1, Facing 

2. core 

). Adhesive 

C. Method of producing sandwich panels 

III. Shop activity 

A, Prepare stock 

B. Laminating procesees 

C, Finish 

Safety Precautions. 

A. By law all students aust wear safety glasses or goggles 

B, General shop safety 

1. Physical safety 

a. Clothing safety 

). Tool safety 

4. Material safety 

5. Shop courtesy 

C. Specific safety J.Ules while operating power tools 

D. Heal th safety 

l. Provide adequate ventilation 

2. Provide a dust collecting system to remove dust 

in the air 

3. Provide adequate exhaus• system to reaove toxic 

fulles froll lab..-omt.~ 
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student Evaluation. 

Students may be evaluated by the following techn1quea1 

1. Testing 

2. Interest, attitude, and cooperation 

), Class participation 

4. Acquired skills in shop work 

Sample~. 

l. What is the difference 'betwen a aamwich panel and 

plywoOd? 

2. Name several ways in which sandwich construction is 

used by industry. 

3. Draw a siaple sandwich panel and naae its parts. 

4. Naae several advantages of using aandwich panels. 

S. Explain what part of thlt, a&ndlfich resists shear, and 

what part resi111ts the bend.ins in a panel. 

6. Naae a bonding agent which could be used in the shop 

conveniently in the construction ot a sandwich panel. 



Instructional~• 

I. Probleaa Design and construct desk model pen and 

pencil holder. 

II. Materials 

A. One piece of rigid fiber boaxd approxiaately 

1/2" X lf.'• X 6" 

B. One piece 1/4>• x 4>' x 6" plywood ( fir or pine) 

c. One piece of f omica 1/16" x 4>• x 6" 

n. One strip fond.ca 1/16" x 13/1611 x 20" 

E, One piece 'J/4'' x 2" x J 1/2" 11&.lnut 

F. Contact cement 

III. Procedure 

A. Design -- student may innovate his 01111 design 

B. Construction procedure 

1. cut core material 1/8" less in length and width 

of top fomica 

2. cut plywood bottmsaae iize as core 

3. cut long fomica aides 1/8" longer tban length 

of core material 

4. cut short sides of fcmdca exact length and 

width of core. 

C. Pen holder 

1. cut 11&.lnut piece to exact size 

2. Drill 5/16" holes in 118.lnut which will receive pen. 

NUJ1ber of holes and spacing detemined by student 

J. Sand 
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D. Procedure for applying adhesive 

l. Check to see if rooa ia properly ventilated. Turn 

exhaus• fan on to :re•ove toxic fuaea froa the rooa. 

2. Brush contact cement on plywood and co:re. Let 

set for five or ten ainutea, or until c•ented 

surfaces appear dry. Presa plywood over core 

exactly, because a bond is toned instantly 

between the two contacted surfaces and they can 

not be forced apart. 

J. Apply the fomica sidea to the co:re following 

procedure in number~. 

4. Apply the fomica to the top of core following 

procedure in nuaber two. -
.5. Apply masking tape over fomica that will be 

covered by pen holder. 

6, Locate exact position of pen holder (walnut) 

and scribe a line around base. 

7. cut out aaaking tape covering thia area. 

8. Sand with #220 sandpaper until surf".ace bas a 

dull sheen to it. 

9. Apply contact cement to this area and bottoa of 

pen holder, When surfaces appear dry, press pen 

holder into the cemented surface. Hold for a 

few minutes, 
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10, Remove maaking tape. Clean excess contact ceaent 

from all joints. 

11, File (single cut mill file) all edges until they 

are flush and aooth, 

12 • Finish pen holder as desired, 

lJ. Apply felt pads to each corner. 

14, Clean up work area, 

MASS PRODUCTION UNIT 

Mass production of sandwich constructed units produced in 

industry is usually of cOJ1ponent parts rather than a cOllpleted 

product, These parts are field erected, such aa the aaa•bllng ot a 

house or parts that are to be assellbled on a production line basis. 

It is imperative that students should becoae involftd. 111th 

industrial organization and production as related to industry, so 

that they will better understand aethods of aanutaoturing products, 
. 

The following positions should be discussed. so that each 

student llill understand the function of industrial unageaent. 

1, Manager -- in charge of whole project. 

2. Engineer -- design projects prepare wrking drawings 1 

design jigs and fixtures. 

J. PUrchasing •- in charge of purchasing materials. 

4, Accounting -- 11111 figure cost analysis on project 

and handle finances. 



S. Production -- draws up a flow charts sets up production 

line 1 builds jigs and fixtures for production line. 

6. QU&llty control -- keeps check on all departaentss 

keeps unageaent infomed on progren and nrc>bl•s that 

arises is in charge of inspection departaent. 

7. S&les department -- aaleaaen1 ln charge of advertiaeaents 

sales promotional schemes. 

During the manufacturing of the product, all students will 

participate. 

The project used in this report will be a pen and pencil 

holder. A working drawing of thia project is found on page )9. 

A now chart for this project is on page 40 of this report, 

TEXTS AND REFIRJ:NCBS 

The following are suggested texts and reference u.terials 

that would supply s011e 1nforaat1on on sandwich construction, Since 

there is such a limited amount of information given in the textbooks 

it would "'1>e very difficult to wr1 te up an effective unit froa the 

textbooks alone. 

TEXTBOOKS 

Frier, John L. Wood:w01'k1!!! for Inclua~, Peoria, Ill. a Chas A. 
Bennett Co., Inc. ,961:' $3.1~ 

Wagner, Willis H. Modern Wood.world.it• Hmewood, Ill.a Goodheart­
Wilcox co., Inc., 1961. $5 • • 
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REFERENCES 

Building Research Institute. Adhesi vea and Sealants 1n Building. 
PUblication 577, Washington, D.C.7938. $.5.00. 

Building Research Institute. Perfomance of Plastics 1n Buildiy. 
Publication No. 1004, wadhlngton, n:-c. l96J. $10.oo. 

PAMPHLETS 

Pamphlets concerning aandwich construction are available from 

the following companies, 

4Q 

American Plywood-Association, 1119A Street, Tacoaa, Washington, 98401. 

Harwood Plywood Manufacturers Association, 2310 South Walter Reed Dr., 
Arlington, Virginia, 22206, 

Masonite Corporation, 29 North Wacker Drive, Chicago, Illinois, 60606, 

United states Forest Products Laboratory, Madison Wisconsin. 

Winnebago Industries, Inc,, Forest City, Iowa, 

FllMS 

"Bom of Foam". 16mm sound, colors 20 a1nutea, Sinclair-Coppers co. , 
Koppers Building, Pittsburgh, Pennsylvania, 15219. Produced by 
Badische in Germany, this f'illl describes the uny applications 
of foamed polystyrene. · 

"Fabrication Machinery for Flexible & Rigid Foams". 1611a. s1lent, colors 
15 minutes, Falla Engineering & Machine Company, Sales 
nepartaent, 1734 Front Street, CUyahoga :Falla, Ohio. various 
horimontal and vertical aawa as wll as ccapletely autollated 
fabricatiqn lines. 
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"Focus on Foaa". 16mm, sound, color; 20 minutes. The Dow Cheaical 
Company, Visual Aids Department, Midland, Michigan, 48640. 
Describes the diffe~nces in plastic foams (Styrofoam, Etha.foam, 
Thurane, corvon)., including manufacturing processes. Shows 
installation procedures for various applications and examples 
of completed buildings. Produced for architects and engineers, 
but of broad interest to all in the construction business. 

"What Can the Matter Be?" 16mm. sound, color., 24 minutes. AJDerican 
Cyanamid Company, Public Relations Division, wayne, New Jersey. 
This film tells how the molecules in aatter have been put to 
work solving the big and little problems of mane plastic 
sandwiches to revolutioni~e home buildings ••• 

TOOL INFORMATION AND SUPPLIES 

In a well-equipped shop, no special type tools are necessary 

in building projects employing the method of sandwich construction. 

Adhesives, 

Casein 

Una-Resin 

Liquid Resin 
(Polyvinyl) 

Resorcinol 

Contact Cement 
-; 

l pound 

l pound 

l pint 

l pint 

l pint 

$1.41 

$1.29 

$1.59 

$4.lJ 

$1.?J 

(Brodhead-Garrett Catalog, 197J). 

Facing Materials. 

¼" plywood Pine $ .18 sq. 

¼" plywood Mahogany $ .28 sq. 

l,11 
I+ plywood Birch $ .44 sq. 

J,.11 plywood Walnut $ .86 sq. I+ 

ft. 

ft. 

ft. 

:ft. 

( Wickes Lumber Yard, Evansdale, Iowa). 
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Metal Facin§ Materials. 

Alum1mm Coiled Sheets 

Soft Copper Coiled Sheet 

Brass Coiled Sheet 

24 gauge 

24 gauge 

24 gauge 

$ .68 sq. ft. 

$1.98 sq. f't. 

{Brodhead~tt catalog, 1973). 

Formica Facing Material. 

Fo:mica 

Core Materials. - -

t'' rigid fiber board 

Styrofoam 

All patterns 

{ Wickes tuaber Yar4, En.nadale, Io•) • 

$ .09 sq. ft. 

$ .31 sq. ft. 

{'Wickes LWlber Yard, Evansdale, Iowa). 

A possible free source of face and core materials could be 

obtained f'rom contractors, builders, luber yards, and furniture 

stores -- materials which they would consider as scrap material, 

--



SUMMARY 

The writer of this report believes that he has gained a 

considerable amount of knowledge in sandwich panel construction. 

While searching for information relating to this subject, very 

4J 

little infomation concerning this type of construction 1&s printed· 

in Industrial Arts books. Although sandwich panels are a relatively 

new product on the United states market, it is being used extensively 

in many different manufacturing industries today. Experts in this 

field have indicated a greater use of this type of construction 

in the future, Therefore, it would appear that a unit on sandwich 

construction should be taught in the junior high and senior high 

school shop. 



BIBLIOGRAPHY 



BIBLIOGRAPHY 

Brodhead-Garrett catalog. 40th Edition. Cleveland, 1973. 

Building Research Inati tute, Adheai vea and sealants in Building, 
PUbl1cation 577, Washington, D. c-;-;- 1938. -

Building Research Institute. Perfomance of Plastics in Building. 
Publication 1004, Washington, D, c.~ 1963, · -

Frier, John t. Woodworking for Industq. Peoria, Illinois1 Chas, A, 
Bennet Company, Inc, ,7963. . 

Fuglaby, Glen,_O,, McGH, R, A., and Sturtevant, W.W., General 
Mechanical Drawing. Milll&Ukee, Wisconain1 Bruce Publishing 
Company, 1960. 

Grove, R. w. "Building With Plastics", Materials Engineering, 
February, 1962 • · . 

Lewis, Alfred, The New world of Plastics. New Yorke Dodd, Mead 
and Compaey, mJ. -

Lippay, Alex. "Balsa •• Tough tight11eighta Challenges Fo&as". 
Materials Eng1neer1y, June, 1967. 

Marshall, A, c. Materials for Architecture. New Yorks Reinholt 
Publishing Corporation, 1966. 

"The Sandwich Principle", P, F, collier and Son Corp., Collier's 
Encyclopedia, VolUllle I, pp, 252-2.53, 19.58. 

United States Department of tabor, Occurntional outlook Handbook !22!• 
Bureau of tabor statistics, Vaah ngtona. Govermaent Printing 
Office, 1972. 

Wagner, Willia H. Modern Woodworking. Homewood, Ill.inois1 Goodheart­
Wilcox Company, fnc. , 19o7. 


	Sandwich Panel Construction
	Recommended Citation

	Sandwich Panel Construction
	Abstract

	tmp.1695070092.pdf.ktWOh

