














































































The Design, Development, 
and Production of the 
Toronado Body 

The vehicle architecture for the Toronado body, and its associated appearance and 
engineering features for both the interior and exterior, originated with the General 
Motors Styling Staff. The task of translating this into a completely trimmed and painted 
body that would be structurally safe, sound, and economical to manufacture was the 
assignment of Fisher Body Division. The task was not a simple one. The Toronado body 
is comprised of some 4,000 parts each of which had to be designed, developed, and 
tested. Design, development, end tryout also had to be applied to the dies needed to form 
the steel panels end stampings as well es the processing and production tools end methods 
used to fabricate individual perts end assemble the body. The Toronado program wes 
the wor k not only of many engineers but of many groups of engineers who planned and 
coordinated their efforts to echieve a final end result. At Fisher Body, engineering assign• 
men ts for a body development program ere divided into specific areas of responsibility. This 
concept is carried into all phases of body engineering end manufacturing, has proven suc• 
cessful, and was applied in the design, development, and production of the Toronado body. 

VJSHER BODY Division is responsible for 
.I' the engineering design and produc­
tion of passenger car bodies* for the five 
General Motors car Divisions. The basic 
engineering design and development work 
is performed at Fisher Body's Central 
Office in Warren, Michigan. The fabri­
cating of component body parts and final 
body assembly is carried out in 35 plants 
located in 27 cities. Broadly speaking, the 
Fisher Body activity involves first taking 
a car body configuration developed by 
the GM Styling Staff and designing its 
structural and feature aspects, next engi­
neering the tools to form the body parts, 
then fabricating the individual compo­
nents, and finally assembling the body 
and delivering it to the car Divisions for 
mounting on a chassis (Fig. 2). 

Engineering Work Divided 
Into Three Basic Activities 

The scope of engineering at Fisher 
Body leading to the development and 
production of a new body is divided into 
three basic engineering activities: (a) 
body engineering, (b) die engineering, 
and (c) production engineering (Fig. 3). 

Body Engineering Activiry 

The Body Engineering Activity designs, 

iri'hc body provided to the GM car Divisions generally 
incJudes chc completely painted and trimmed structure 
beginning at the sheet mc1aJ separating the engine 
compartment from the passenger compartment and 
extending to the rear bumper an:a (Fig. 1 ). Each car 
Divi.sion1 in turn, dc'-•clops and fabricates iu own sheet 
mciaJ for the hood, front end, grille, and front fenders. 

develops, and tests the complete body 
and the parts needed for its construction . 
This function includes the preparation of 
all part drawings and engineering speci­
fications needed for tooling and produc­
tion operations. Within the Body Engi­
neering Activity are four basic areas of 
responsibility. These are aptly described 
by the following nicknames associated 
with each of the four assistant chief engi­
neers involved: 

• Mr. Future (explores and develops 
new ideas-for example, worked out 
design criteria for the Toronado body 
from preliminary information and 
cleared the way for production design) 

• Mr. Outside (designs the body shell, 
stampings, and hardware) 

• Mr. Inside (designs trim scheme and 
hardware) 

• Mr. Prove-It (builds prototype bodies 
and effects inter-plant coordination) . 

Die Engineering Activity 

The Die Engineering Activity designs 
the dies required to produce the metal 
stampings that form the body and builds 
the wood models needed to develop the 
dies. This Activity also coordinates the 
work of all die shops within Fisher Body 
regarding the construction, tryout, and 
inspection of dies assigned to them. In 
short, this Activity's responsibilities begin 
with processing die design instructions 

Fig. 1-TORONADO BODY. Two views of the 
Toronado body structure produced by Fisher Body 
arc ohown here. The structure, comprised of 
approximately 4,000 parts. is completely painted 
and trimmed before shipment to Oldsmobile Divi­
sion for final assembly to the Toronado chassis. 

and end with the actual stamping opera­
tions in various Fisher Body plants. 

Production Engineering Activity 

The Production Engineering Activity 
is responsible for the design, development, 
procurement, and follow-up of all tooling 
and equipment required by Fisher Body 
fabricating and assembly plants. This 
Activity is a diversified one and is divided 
into various related departments such as 
tool planning, tool design, and process 
development. 

Although each Activity is staffed by 
engineers who are specialists in their area, 
they function as a team from the time a 
new body is first conceived until it is 
placed into production. The operating 
procedures of each Activity follow some­
what the same pattern for each new body 
development. 

Engineering Work Keyed 
to Time Schedule 

All work done by the three Activities 
is keyed to a master time schedule. During 

Fig. 2-SCOPE OF FISHER BODY FUNCTION. 
The Fisher Body function in the Toronado program 
began with the engineering layout drawing, and clay 
model developed by the GM Styling Staff. Using 
advance drawings provided by the Styling Staff. 
Fisher Body product, die, and production engineers 
set about designing and developing the body structure 
and the dies, fixture•. and tools needed to give it form. 
Process engineers then developed the methods needed 
for its fabrication and final assembly. 

3 8 GENERAL MOTORS ENGINEERING JOURNAL 



the early development stages of a body 
the time schedule has general guidelines 
of direction. Only limited personnel are 
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involved. As developments proceed, more 
personnel are involved and a detailed 
working schedule is mapped out. An 

By FRANCIS E. SMITH 

Fisher Body 

Division 

The challenge: engineer 

and manufacture the body 

designed by GM Styling 

official starting date for production draw­
ings eventually is established and, from 
this point on, every drawing and every 
function is date scheduled. 

This, then, summarizes the basic 
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Fig. 3-PARTIAL F ISHER BODY OR­
GANIZATION CHART. Only the engineer­
ing and manufacturing Activities and Sections 
noted in the text are shown. During a body 
development program, many other Fi.her 
Body groups play a vital role. 

engineering organization of Fisher 
Body. The following discussion tells how 
the th ree Activities, aided by other 
engineering groups at Fisher Body, func­
tioned to design, develop, and produce 
the Toronado body. 

Special Committee Established 
to Aid in Design Direction 

The first concept of the Oldsmobile 
Toronado, which at the time was identi­
fied by the code designation XP-784, was 
a dramatic newness. In addition to dis­
tinctive styling, the general specifications 
called for a 119-in. wheelbase two-door 
car with front wheel drive. The exterior 
styling was to be complemented by equally 
distinctive interior decor. The specifica­
tions also included a ventilating system 
that eliminated the usual front door vent 
windows, wider doors for easier rear seat 
entrance, and a semi-integral frame type 
of body structure, supplemented by a 
sub frame for the front wheel drive 
power package. 

T he XP-784 represented a departure 
from conventional car design and a 
special approach was developed for the 
advance engineering program. Normally, 
when the GM Engineering Staff is 
involved in new car development it builds 
its own experimental vehicles for explor­
atory purposes. The resul ting car design 
is turned over to a GM car Division and 
the body concept eventually reaches 
Fisher Body in a relatively basic status. 
For the XP-784 program, however, it 
was decided that the Engineering Staff 
would spearhead the design of the power 
package and the initia l frame concepL 
Oldsmobile Division and Fisher Body 
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would concentrate on the design of the 
chassis and underbody. This allowed 
Fisher Body more latitude in the design 
and construction of a body best suited to 
the semi-integral frame concept. 

The policy of joint design and develop­
ment responsibility resulted in the crea­
tion of the Unitized Power Package Com­
mittee which consisted primarily of repre­
sentatives from the Styling and Engineer­
ing Staffs, Oldsmobile, and Fisher Body. 
T he committee functioned as a task force 
to formalize design decisions and a plan of 
action. Each section of the committee 
developed its assigned portion of the car 
and integrated these portions to create 
the X P-784. 

Pretest Vehicles Aided 
Adva11ce Engineering Program 

Pretest vehicles were needed early in 
the advance engineering program to eval­
uate the power plant, front wheel drive 
components, proposed body frame struc­
ture, and the ventilating system. A pre­
test vehicle normally is the upper body of 
a current production car adapted to the 
proposed underbody. Current production 
bodies that most closely resembled the 
proposed XP-784 configuration were re­
worked for the pretest vehicles. Various 
changes were made to bring the pretest 
vehicles as close as possible to the ultimate 
design. Such changes included relocating 
the seats and shortening the rear axlc-to­
bumper overhang. 

The pretest vehicles allowed the ad­
vance engineering program to proceed so 
that information obtained could be used 
to establish criteria for the final design 
and development program. Since there 
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PRODUCT ENGINEEJIING 
DEMRTMENT 

DIE ANO CHECKING FIXTURE 
DESIGN AND CONSTRUCTION 

AND MOOEl MATCHING 

were several design possibilities for attach­
ing the chassis components to the body 
structure, several pretest vehicles were 
built in successive steps, starting with the 
simplest proposal. As test results became 
available, modifications were worked into 
succeeding pretest vehicles until the ulti­
mate design was achieved (Fig. 4). 

The first generation of reworked pro­
duction bodies intended for the XP-784 
pretest vehicles was designed and built 
within the first six months of the advance 
engineering program. Three bodies were 
handmade by Fisher Body for the GM 
Engineering Staff and one for Oldsmo­
bile. A second generation of five bodies 
was built progressively as test results 
became available. A testing program ini­
tiated to evaluate the pretest vehicles had 
the Physical Test Laboratory at Fisher 
Body conducting static beaming (bend­
ing) and torsion tests while Oldsmobile 
performed dynamic shake and road tests. 
Through this cooperative testing pro­
gram, a maximum amount of coverage 
resulted with a minimum amount of 
duplication. 

T he final phase of the advance engi­
neering program was to analyze the test 
data and design a proposed underbody. 
Proposed changes were made and evalu­
ated in the last of the second generation 
of pretest vehicles. The ventilation system 
was explored and evaluated on a sepa­
rate group of pretest vehicles. 

Test data obtained from the pretest 
program aided in establishing the direc­
tion the Jina! body design would take. 
Two basic areas where this occurred were 
the body understructure and the ventila­
tion system. 
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Body Understructure 

Among the considerations favoring the 
integral frame construction was the pos­
sibility of taking advantage of a flat floor 
by the adoption of the front wheel drive. 
For example, it would not be necessary to 
"bump up" the floor on the sides near the 
rocker panels to accommodate a chassis 
frame. This, plus the elimination of a drive 
line tunnel, permitted a level floor from 
door to door in the total passenger area. 

As is customary with integral frame 
construction, additional strength was de­
signed into the overall body structure. 
Most of this supplementary structure was 
designed into the under-the-floor con­
struction which eventually consisted of 
box-shaped rocker panels (Fig. 5) and 
heavy cross bars. Frame rails formed an 
extension to the rockers to continue the 
beaming strength rearward to the bump­
er. A rear end bar bridged the frame 
rails to gain increased structure. 

Ventilation System 

The decision to build the Toronado 
without a door vent window improved 
the styling and eliminated windnoise, 
but introduced some design considera-

Fig. 4-DESIGN EVOLUTION OF FRONT 
FRAME-TO-BODY ATTACHMENT. Dur­
ing the advance engineering program for the 
XP-784 vehicle, different proposals were de­
veloped for attaching the front frame to the 
body structure. In the fmal design, shown 
here, the chassis frame was extended rearward 
under the body to the rear seat location to 
obtain adequate purchase on the body struc­
ture. This spread the structure load over a 
large area. 
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tions. Prior experimentation had indi­
cated that passenger compartment ven­
tilation could be provided without a door 
window vent; however, the final design 
had not been established. It was known 
that the air could be admitted through 
the shroud vent grille below the wind­
shield. To move the air through the body 
an air exhaust device, and its proper 
location, was required. 

Various locations for a rear exhaust 
were evaluated by reworking existing 
model cars. I t was determined that the 
area above the belt line and immediately 
below the back window was welJ-suited 
for the exhaust. Road tests were con­
ducted to obtain air flow and air pressure 
data on the inside and at the outer skin 
of the car. These tests were conducted 
during the pretest vehicle stage under a 
range of weather conditions and tem­
peratures. In addition, wind tunnel smoke 
tests were conducted to determine an 
efficient louver angle for the rear exhaust 
grille. Various ventila tion system pro­
posals were designed and tested with 
progressive improvement in overall per­
formance and adaptability. Eventually, 
a final design of the ventilation system 

was developed and approved for pro­
duction (Fig. 6). 

Preliminary Engineering 
Involved Clay Model Review 

The chronological development of a 
new body at Fisher Body progresses 
through various overlapping stages that 
can be generalized as follows: 

(a) Styling Staff drawings 
(b) P reliminary body development 

(including pretest) 
(c) Body design development and 

body drawings 
(d) Prototype body building and test­

ing 
(e) Tooling and processing prepara-

tions 
(f) Pilot production and testing 
(g) Final production. 
At approximately the same time that 

the first pretest vehicles were undergoing 
tests, other related events were taking 
place at Fisher Body as the XP-784 pro­
gram progressed. The first visual con­
cepts of the Toronado had been 
preliminary engineering layout drawings 
prepared by the Styling Staff. These 
drawings were used to prepare a ful 
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Fig. 5-STATIC BODY ANALYSIS. The automobile body, like any other load bearing structure, must 
be carefully analyzed in the developmental stage to assure that each part is structurally correct. A typical 
component analyzed in detail was the rocker panel section. Rocker designs were developed and stress 
analysis applied to compute moments of inertia and torsional stiffness. The final product ion rocker design 
is shown above with the sectional properties that were calculated during the body analysis. Maximum 
overall beaming stiffness was attained by increasing the cross sectional height in the areas rearward of 
the doors. 

PLENUM A IR IN TAKE 

size clay model and showed the archi­
tecture of the car, its surface contours, 
and the seating arrangement. Styling 
also built a seating buck to show passen­
ger placement. Fisher Body reviewed the 
program planning with Styling and, using 
the Toronado introduction date as a tar­
get, prepared a tentative engineering 
drawing schedule for all major parts. 
This schedule included such major stamp­
ings as door panels and specified when 
production drawings were to be started 
and when they were to be completed. 
The schedule then was released to the en­
gineering Activities for their use in prepar­
ing budgets and manpower requirements. 

As the clay model passed through the 
evolutionary process of evaluation and 
refinement, meetings were held with Styl­
ing to assure that the finely styled body 
would be practical to manufacture. Fisher 
Body engineers were consulted on such 
special items as hinging the wider doors, 
operating the door window glass with its 
compound curvature, and the structural 
requirements for the windshield pillar. 
Preliminary development engineering 
such as this was needed even before the 
clay model could be completed. 

EXHAUST OUTLET GRILLE 

HIGH LEVEL VENTS ( CEN TER, LEFT, AND RIGHT) 

Fig. 6-VENTILAT ION SYSTEM. The ventilation system developed for the Toronado was designed to operate 
separately or in conjunction with an optionally installed air conditioning system. In the production system, shown 
above, air is drawn into the body through side shroud vents that arc connected by means of a plenum chamber to 
the shroud vent grille. An additional high level vent operates in conjunction with the heater blower and the instru­
ment panel air outlets. Air is exhausted rearward through a rear plenum chamber and out of the body through a 
pressure relief valve and rear exhaust grille. Installation of the exhaust system in the trunk presented a design 
problem from the standpoint of providing a system that not only would meet design requirements but also would 
provide suitable trunk space in that area. The problem was solved by designing a trunk hinge, not shown in this 
sectioned view, that stows away inside the vent exhaust chamber. The specially designed hinge serves to provide 
the t runk with ample luggage area. 



During the preliminary development 
engineering phase, for example, Fisher 
Body determined by layout that swing­
out type door hinges would provide the 
optimum entrance conditions for front 
and rear seat passengers. Fisher Body and 
Styling Staff engineers established the 
location of the leading edge of the door 
to provide clearance for the full dropping 
of the window glass. The smooth, con­
tinuous effect of fender, door, and side 
window gave the glass a non-uniform 
shape. To make it possible for the glass 
to drop through the door belt opening, 
Styling modified the glass surface to a 
developed shape in which the vertical 
section radii increased progressively from 
front to rear while maintaining substan­
tially·constant sweeps from top to bottom. 
To compensate for the changing shape as 
the g,lass lowered within the door, curved 
,vindow regulator tracks had to be de­
signed. Because of the wider door, larger 
hinges were designed to provide the door 
with additional supporL Provisions also 
were made in the window mechanism 
and weatherstrips to provide stability, 
strength, and ·sealing of the window 
assembly. 

Clay Model Viewed 
Dijf mntly by Adivilies 

When the clay model was given tenta­
tive. approval, Styling Staff drawings were 
prepared from information ta.ken directly 
from the clay model. While these draw­
ings were being prepared, a construction 
review of the approved clay model was 
held by Fisher Body personnel from the 
three engineering Activities responsible 
for making preparations for production. 
Each Activi ty reviewed the clay model 
from the standpoint of Fisher Body's final 
goal-the production of a sectionalized 
body shell that met rigid stTuctural, fabri­
cation, and assembly specifications. 

The Body Engineering Activity'., review 
was concerned with many things, the 
first of the.Se being a structurally sound 
body. The Body Engineering Activity 
also contemplated the final mechanical 
solutions that had to be worked out for 
the wider doors with the compound 
curved window glass and the numerous 
drawings needed for the many hardware 
items. New seats and soft trim also had 
to be considered to complement the body 
and hardware design. 

The Die Engineering Activity reviewed 
the clay model from the standpoint of 
determining if the various body panels 
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could be fabricated in dies and, if so, to 
assure panel quality and production 1·e­
liability. It was determined, for example; 
that to eliminate the possibility of flutter 
in the large rear quarter panel, additional 
crown would have to be added to the 
panel surface above the wheelhouse 
opening. 

The Production .Engineering Activity 
looked at the clay model from the stand­
point of determining the location of weld 
joints and the orientation of major com­
ponents necessary to assure efficient as­
sembly of the body. The clay model review 
established the methods of assembly and 
laid the foundation for the tool develop­
ment engineering that was to follow. 
Recommendations and proposals were 
made to facilitate construction and pro­
vide guidelines. 

Engineering 
Program Begins 

When Styling Staff drawings were com~ 
pleted, they were rcle~ed to Fisher Body. 
This signalled the official start of the 
Fisher Body engineering program for the 
Toronado body. AJJ preceding prepara­
tions had been groundwork for the official 
starting date. With the establishment of 
the starting date for master draft work, 
an official time schedule was prepared 
for all detail and product assembly draw­
ings. A master analysis chart (Fig. 7) 
prepared for the overall program indi­
cated its overlapping nature and the 
variety of events that were to occur dur­
ing the time span from the start of product 
drafting until the start of production. 

The drafting program at Fisher Body 
began by obtaining advance Styling Staff 
drawings for preliminary layout work in 
developing advance design and typical 
sections. The typical sections were draw­
ings of a constant section or feature of the 
body structure that showed the relation 
of one part to another. T he typical sec­
tions, when approved, formed the basis 
for the design of the complete body. The 
typical section drawi11sg phase was most 
important in clearing the way for the 
maintenance of established working 
schedule dates. 

Master Drafts 
Made for Body 

All lines that eventually described the 
appearance of the Toronado body were 
made on full size drawings called master 
drafts. These drafts were made on alumi­
num plates prepared with coats of flar 

white paint having a minimum thickness 
of 0.008 in. The drafts were .first scribed 
with vertical and horizontal grid lines, 
spaced five in. apart, to promote preci­
sion by minimizing errors caused by any 
slight expansion or contractio.o of the 
metal plate, Errors in scaling also were 
eliminated since any point on the draft 
could be located by measuring its rela­
tionship to the nearest grid lines. The 
draftsman used a 10 carat gold stylus 
instead of a pencil. 

Points in a horizontal plane were estab­
lished in reference to a vertical zero line, 
which represented the front of the dash 
panel assembly. Points in a vertical plane 
were referenced to a horizontal line repre­
senting the main top of the chassis frame. 
Points pertaining to the width of the body 
were related to the centerline of the body. 

Instead of making one complete master 
draft of the entire Toronado body, the 
drafting work was divided into five major 
departments: (a) front end and instru­
ment panel, (b) door, (c) roof, rear quar­
ter, and rear end, (d) seats and under­
body, and (e) interior trim appointments. 
All surfaces developed by the various 
departments had to blend together. After 
the outer body she-11 was surfaced, layout 
was started for the inner surface, hard­
ware, reinforcements, and seats. Approxi­
mately 25 master drafts were started for 
the Toronado body program, 

Detail Drawings and 
Die Plates Developed 

Individual parts from each of the mas­
ter drafts were detailed on separate draw­
ings. Parts of any complexity that were 
to be made by dies were detailed on a 
die plate (a full size drawing also prepared 
on aluminum plate). The d ie plate pro­
vided all surface and contour lines needed 
to fabricate a specific part and simplified 
construction of die models, dies, and fix­
tures which were to follow. Except for 
moldings and ornamental parts, aU die 
plates were drawn to show the inside 
(master) surface of metal. The die engi­
neer specified this master sheet metal 
surface by determining the direction oJ 
drawing or forming a part. 

Trim Engineering 
Program Started 

While work proceeded on the master 
drafts, developments also were taking 
place with interior design and deve.lop­
ment. Just as the body, die, and produc-• 
tion engineers met and consulted with 
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Fig. 7-MASTER ANALYSIS CHART. Time 
is an important ingredient once master draft work 
is initiated on a new body design and development 
·program. All functions-from the start of product 
drafting until the start of actual body production 
-arc date scheduled. This chart summarizes the 
major functions of each of the three engineering 
Activities in the Toronado body program and 
indicates the overlapping nature of events. 

Styling during development of the clay 
model, trim engineers also consulted with 
Styling during the original conception of 
the interior trim design for the Torooado 
body before Styling drawings were made. 

Trim engineers assisted Styling so that 
the finished interior trim design would 
not only look appealing but also would 
be practical to produce. The fabrics 
selected for the interior trim, for example, 
were reviewed by trim and textile engi­
neers for ease of tailoring, strength, or 
any objectionable fractures at joining 
locations due to the weave of the cloth. 

About the time that the 1964 model 
GM cars had been on the road for several 
mopths, trim and hardware engineers at 
Fisher Body began to receive Styling 
Staff interior drawings for the Toronado. 
The interior styling theme visualized con­
tinuous lines from the instrument panel 
sweeping rearward through sculptured 
door and rear quarter panels and blend­
ing into a contoured she.If (Fig. 8). After 
the interior drawings were reviewed, trim 
engineers prepared cost drawings that 
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outlined the various types of surface mate­
rials and construction as well as the types 
of padding needed to achieve the pro­
posed design. When the trim design was 
accepted by Oldsmobile, quarter-scale 
drawings were made of the finalized trim 
design. The release of these drawings 
served as the official start of a detailed 
trim engineering development program. 

Die and Production 
Engineer£ng Programs Begin 

At this point in the chronological devel­
opment of the Toronado body, master 
draft work had not advanced sufficiently 
to make detail part drawings needed for 
die and fixture construction, tooling, and 
plant layout. The product engineers of 
the Body Engineering Activity were con­
centrating on problems of design and 
construction and were using data obtained 
from the pretest program as an aid in 
providing design direction. The tooling 
program, however, could not wait for 
released part drawings. This meant, then, 
that while the product engineer continued 
with his work, two people were looking 
over his shoulder- the die engineer and 
the production engineer. 

Dit E11gi11eering 

The die engineer looked over one shoul­
der of the product engineer to obtain 
preliminary information for his use in 

p lanning the processing of die design 
instructions and fabricating sequence. 
The approach used by the die engineer to 
determine the most practical sequence to 
use to fabricate body panels, such as rear 
quarter fender panels, was as follows: 

• Analyze the product design to deter­
mine manufacturing requirements 

• Plan the sequence of operations 

• Specify general die design charac­
teristics 

• Designate necessary press equipment 

• Integrate the mechanical handling 
requirements. 

To aid in this procedure, the die engi­
neer used information available from the 
results of a continuous die development 
program at Fisher Body in die construc­
tion techniques, reports from test projects 
that recommend new die materials and 
construction methods, plaster take-offs 
from the Styling Staff clay model, draw die 
binder set-ups*, and partial pine models. 

Plaster take-offs of the Styling clay 
model, together with experimental draw 
die binder set-ups, enabled die engineers 
to determine accurately the general die 

• P1as1cr engineering mod.eh of chc rcmalc ponion of a 
d raw die U$Cd for evaluating critic-al draw conditions, 
metal Row1 and sheet m~tal wrap o n th~ biodcr aurfaec 
prior to die design. 
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Fig. 8-INTERIOR TRIM DESIGN. The design developed by GM Styling for the interior of the 
Toronado body had to be made a reality by Fl$her Body trim and textile engineers. The rear seat back, 
for example. was styled to blend into a contoured shelf. It was the job of trim engineers to develop the 
type of construction and padding needed to achieve the proposed design. 

conditions that affected panel fabrication 
- that is, panel tippingt, flange flare 
conditions', and the draw die binder 
development. Construction meetings 
helped maintain a close liaison between 
body, production, and reliability engi­
neers. These meetings were held through­
out the Toronado program and served 
as a continuous check on the body's 
manufacturing feasibility. In one of these 
meetings, for example, the die engineer 
recommended that the lock pillar be 
welded to the rear quarter panel rather 
than use an integral pillar design. An 
integral pillar-to-quarter panel design 
would have created an undesirable sheet 
metal lay on the draw die binder. Wrinkles 
would have been introduced in the sheet 
metal blank and the increased draw 
depth would have caused skid marks at 
the panel feature lines. Draw die and 
panel quality considerations, therefore, 
dictated that separate lock pillar and 
quarter panels be provided. 

Partial pine models were constructed 

tThe onhographic rotation and proj cc1ion of a body 
panel from car position. Panel tipping is used to achieve 
the optimum in fabrica1ion and handling condidons. 

{fhc rotation and development of body panel flanges 
from the finished body position to die position. Flange 
flaring provides optimum draw and 1dm conditions 
prior to finish flanging operations. 
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to provide detailed information on cer­
tain specific body areas. By using pine 
models, important die conditions were 
more easily analyzed and changes in 
product design to improve die conditions 
were accurately determined. As die plates 
became available the partial pine models 
were replaced by a master wood die 
model (Fig. 9). This model served as the 
primary source of information for all 
pattern, profiling, and spotting block con­
struction and for analyzing all fabrication 
and checking 'fixtures. 

Production Engiruering 

Meanwhile, the production engineer 
was looking over the other shoulder of 
the product engineer, since his work also 
could not wait until the completion of 
all part drawings. 

Using preliminary body design infor­
mation, program estimates were prepared 
enume rating anticipated production 
equipment and tools. With the assistance 
of cost accounting, the estimates were 
converted to a project fund request and 
submitted to the Fisher Body Finance 
and Accounting Activity for authoriza­
tion. These estimates included equipment 
from simple hand tools to stamping presses. 

Detailed Die and 
Production Programs Prepared 

The next step was the preparation of 
detailed specific program estimates by 
the Die and Production Engineering 
Activities. A schedule of procedure, 
sequence of work, and manpower require­
ments for each phase of the body pro­
gram was established. This allowed var­
ious departments within each Activity to 
establish schedules for tool and fixture 
design, construction, and follow-up. To 
establish the schedules, planning time, 
quantity of tooling assignments, principal 
panel gaging control layouts, and weld­
ing layout study requirements were eval­
uated using empirical statistical methods 
based on previous body programs. 

Other factors such as production vol­
ume, inter-plant shipping, and cost con­
siderations relative to producing various 
sub-assemblies in a high volume parts 
fabricating plant or a low volume body 
assembly plant were evaluated. Since the 
Toronado was scheduled for relatively 
low volume production, it was determined 
that the majority of sub-assembly opera­
tions for the body would best be accom­
plished at one source in a final body 
assembly plant. 

Body Assembly Plant Selected 

Because sufficient sub-assembly area 
was not available at Fisher Body's Lan­
sing, Michigan, plant (where Oldsmobile 
bodies are assembled) without interfering 
with the production of bodies for other 
Oldsmobile car models, the decision was 
made to build the Toronado body at the 
Fisher Body Euclid, Ohio, plant. This 
decision created a problem of how to 
transfer the completed bodies to the Olds­
mobile plant in Lansing. Bodies produced 
at the Euclid plant had been shipped by 
rail, but railroad facilities for receiving 
and handling bodies were not available 
at the Lansing plant. For this reason, the 
decision was made to ship the Toronado 
bodies by truck. Special haulaway trailers 
and body carrying pallet trucks had to 
be designed and built and revisions had 
to be made in the Euclid plant's shipping 
facilities to match those at the receiving 
plant. 

Preliminary Weld 
Studies Made 

As the program progressed, the Body 
Engineering Activity provided Produc­
tion Engineering with experimental draw­
ings of the body structure that detailed 
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the joint assembly and welding condi­
tions. Production Engineering evaluated 
the proposed joints from the standpoint 
of tool and welding gun dcarauces, fix­
ture and panel loading conditions, and 
gaging. Cardboard, metal, and plastic 
models of proposed joints were made to 
illustrate assembly methods. 

Preliminary weld studies were made to 
show the proposed assembly methods as 
well as the type and quantity of weld 
joints and the equipment requirements. 
The shipping methods engineer used these 
studies to make preliminary nesting and 
shipping studies for inter-plant shipment. 

Prototype Test Bodies Built 

The preliminary steps of planning and 
evaluating prepared the way for direct 
action when final product drawings be-

Fig. 9-MASTER WOOD DIE MODEL. Accu­
rate models such as ~hown below served a, the 
primary source of information for analyzing fabti­
cation and checking lixturu. 
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came available. The first of these draw­
ings were completed within several weeks 
after the official starting date of master 
draft work, The program of providing all 
dies, fixtures, and tooling necessary for 
production then moved into high gear, 
but still required many months to com­
plete. This meant that parts and bodies 
made from the tooling would not become 
available in time for required testing; and 
bodies exactly like production Torooado 
bodies were needed for laboratory and 
GM Proving Ground work. This is where 
Mr. Prove-it entered the picture. 

The Engineering Shops of the Body 
Engineering Activity made quick tooling 
and built production prototype bodies by 
band. Every part was accounted for, 
ranging from fender panels to rubber 
sealing strips. 

Some of the prototype bodies were 
designated as test bodies and were built for 

Oldsmobile and Fisher Body's Physical 
Test Laboratory. These bodies were used 
to prove production part design, perform­
ance, and assembly methods. The test 
bodies were subjected to various tests to 
determine and expose any sealer defects, 
squeaks, wind noise, wear quality of trim 
and hardware, riding qualities, handling, 
performance, and structural soundness. 
Among the numerous scheduled body 
tests were: beaming (bending) and tor­
sional rigidity of the body, water and 
dust, door slam, GM Proving Ground 
durability, corrosion, and cold room. 

Other prototype bodies were desig­
nated as design check bodies. These were 
built for Oldsmobile to coordinate the 
body to the chassis and other Oldsmobile 
supplied components. The design check 
bodies emphasized the attaching surfaces. 

Still other prototype bodies were desig­
nated as ;ample check bodies. These were 
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built for Fisher Body use in fitting hard­
ware, glass, weatherstrip, and moldings. 
The sample check bodies emphasized 
dimensional accuracy. 

Wood Bucks Built for 
Molding and Trim Work 

The prototype test bodies provided an 
excellent means for testing the physical 
and mechanical properties of the Toro­
nado body, but a different means was 
needed to develop and prove the molding 
and trim design ideas. This had to be 
done long before any prototype bodies 
were available, and before expensive dies 
were built for the moldings. To gain this 
time, and to prove design ideas, partial 
three-dimensional bodies were made of 
wood. 

Working to lines traced from the [)laster 
drafts, the Engineering Shop constructed 
accurate wood bucks of body areas (Fig. 
10). Exterior and interior moldings were 
modeled in clay. The compromise solu­
tions reached by Fisher Body based on 
information received from GM Styling 
were presented for the first time in three 
dimensions. Also developed for the first 
time were those areas for which informa­
tion was not received as yet from GM 
Styling, such as junctions of body side 
molding treatment involving the different 
sections. 

Die models for production tooling were 
brought to the bucks for comparison of 
line and appearance acceptability. This 
was essential to assure fidelity of repro­
duction. 

Trim Enginuring 
Program Entered New Phase 

When the basic interior trim design 
was released in the form of quarter scale 
drawings, Trim Engineering started its 
development program. Layout drawings 
were studied to pinpoint various physical 
conditions that would affect the interior 
trim of the body such as: arm rest-to• 
window regulator handle clearance and 
seat-to-arm-rest clearance. Hand made 
set-ups were usc<I to aid this study. 

Trim Buck Built 

At this stage of the Toronado develop­
ment program, Trim Engineering obtained 
preliminary prints of the body shell detail 
parts and designed an accurate full size 
interior replica known as a trim buck. This 
wood buck incorporated all body interior 
structure and surfaces and was used to 
evaluate trim provisions and develop pat-
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Fig. 10-TRlM BUCK. To prove the accuracy of molding and trim de$igns, wooden bucks such as the 
one shown here were built. 

terns. Many appearance displays and 
clearance checks were placed in the 
Toronado trim buck to determine feasi­
bility and assure completeness and cor­
rectness of the interior body trim. While 
this phase was in progress, other groups 
in Trim Engineering were working on 
the development of headlini.ngs, listing 
wires and bows, windlaces, trunk trim, 
carpets, sunshades, and package shelf 
covers. 

One feature of the Toronado body that 
complicated interior trim development 
was the Styling Staff concept of the rear 
shelf cover which blends into the rear 
quarter trim. To accomplish this concept, 

an injection molded shelf cover was indi­
cated. A study of materials revealed that 
a synthetic material having a glass fiber 
content gave the best results. The original 
design called for a one-piece shelf cover 
b1,1t because of possible assembly varia­
tions, a three-piece construction was con­
sidered more practical. This type of shelf 
cover meant a departure from the con­
ventional use of retaining clips and re­
quired the use of hooks and bosses molded 
into the shelf cover. Retention was accom­
plished with spring nut fasteners. 

Stats Developed 

The first step in seat development was 
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to build samples of the desired design to 
determine any possible fabrication prob­
lems. A seat frame and spring assembly 
of the convoluted wire type was built to 
develop the base padding for the thick­
ness and feel required by Oldsmobile. 
T he pad was made by hand sculpturing 
foam rubber to the predetermined con­
tours. The pad then was secured to the 
spring frame and covered with white 
muslin. The design lines from the approved 
quarter scale drawings were duplicated 
on the white muslin cover to develop 
master patterns. Detailed patterns, welts, 
and design padding layouts then were 
developed from the master patterns. 

After completion of preliminary pat­
tern and design layouts, a trim cover 
assembly was cut and sewed for evalua­
tion of sewing conditions. The trim cover 
assembly and base pad were assembled 
to the spring and frame assembly and 
evaluated for appearance. The seat then 
was placed in the trim buck for further 
evaluation with the overall trim combi­
nation. 

Interior Trim Completed 

When the interior trim design was 
approved, the detail patterns of the vari­
ous parts then were segregated into groups 
according to color and type of material. 
Each group was nested into production 
stencil and die layouts to determine maxi­
mum economy of material usage. Ap-
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proved die la you ts were released to 
Production Engineering to begin work 
on building die cutters. The stencil and 
detailed material usage information was 
released to Fisher Body trim fabrication 
plants. 

This completed the Trim Engineering 
Department 's engineering responsibility 
in regard to the Toronado body. As a 
final check, however, the completed ver­
sion of all interior trim components would 
be again evaluated in test bodies and pilot 
production bodies for possible revisions 
before the start of final production 

Exterior and Interior 
Moldings Developed 

The interior and exterior trim mold­
ings were given special attention a t 
Fisher Body and Ternstedt Division, 
which manufactures and supplies hard­
ware and decorative trim to Fisher Body. 
T his attention started with a review of 
the moldings on the Toronado clay model 
at GM Styling. When Styling drawings 
became available, the molding designs 
were further analyzed and evaluated by 
Fisher Body and Ternstedt engineers and 
cost estimators in terms of practical fabri­
cation as well as any styling changes that 
should be recommended. There soon 
followed the clay modeling of the new 
moldings on wood bucks. Drafting work 
also proceeded on the moldings and their 
attaching parts. Concurrent with the 

building of production tooling for the 
moldings was the design of checking 
fixtu res to evaluate production parts. 

During this time temporary low volume 
tools and fixtures were expedited so that 
actual moldings and attaching parts 
could be tried out on the hand made 
prototype bodies. Again, designs were 
evaluated and recommended changes 
were incorporated into the production 
tools being built. T his had to be com­
pleted several months before the pilot 
production was scheduled so that pro­
duction parts could be available for the 
pilot run. 

Toronado Body Program 
Enters Transition Period 

In the early stages of the Toronado 
body program all efforts were devoted to 
planning, establishing designs, and creat­
ing drawings and models. As progress 
was made in the preparation for produc­
tion, tools and fixtures were built. Tryout 
and testing became the order of the day. 
Emphasis shifted from theory and engi­
neering drawings to the tangible sub­
stance of tool steel and body sheet metal. 

Dies Designed, 
Built, and Tested 

T he several hundred new dies for the 
Toronado body required thousands of die 
design drawings, months of intensive con­
struction effort, and more months of die 
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tryout. Several related procedures took 
place that were an integral part of the 
overall die tooling program. 

Master Gages 

Master gages (tools used to coordinate 
the surfaces of related dies, production 
tools, and checking fixtures that must be 
identical) were made early in the die tool­
ing program. Each gage was a three­
dimensional representation of a critical 
body area made to absolute accuracy 
from a specially prepared drawing. With­
out the master gages, variations in fit 
relationship of various parts could have 
occurred as a result of possible minute 
differences in part drawings, the inter­
pretation of the drawings, or different 
construction procedures and workman­
ship. This was especially important in the 
fitting of moldings and tail lamps. 

Die Model Matching 

To obtain a finished appearance for 
the outer skin parts of the Toronado 
body, all joining surfaces had to fit per­
fectly. The method used to achieve this 
accuracy of part-weld surfaces is known 
as model matching. By means of plastic 
take-offs, all joining surfaces were co­
ordinated for weld conditions. The plas-
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tic take-offs were further used to check 
fixture construction. By assuring that the 
master die models matched one another, 
a major step was taken in the direction of 
assured quality. 

Die Model Cube 

As soon as wood die models for the 
outer panels were completed, the models 
were assembled, or cubed, to form the 
complete body. This took place before 
dies were contour machined. The cube 
set-up then was reviewed to recheck body 
surfaces and to verify panel highlight 
lines. Approval at this point gave the 
green light to proceed with actual die 
construction. 

Die Line Up 

A succession of die operations normally 
is required for most body components. In 
the case of the Toronado rear quarter 
fender panel, for example, a large sheet 
of cold rolled steel had to be converted 
into a dimensionally stable part with 
adequate surface quality for high luster 
finish. This had to be accomplished on a 
semi-automated basis. It was decided 
that one draw die and several trim and 
form die operations would be required. 
In this sequence, the draw die fabricated 

the contour shape of the part. Subsequent 
dies then accounted for such operations 
as trimming, flanging, and piercing. 

The deep eyebrow styling of the rear 
quarter fender panel presented a chal­
lenge to the die designer. This styling 
required a departure from normal punch 
and binder design for the draw die. By 
simulating draw conditions on a plaster 
draw die binder set-up, it was determined 
that uncontrollable compressive forces 
would be introduced into the blank if 
conventional straight line punch opening 
design was used. These compressive forces 
would cause wrinkles, due to excess steel. 
The wrinkles, once introduced, could not 
be removed. To prevent introduction of 
excess metal and to allow the metal to 
flow freely in all directions from the 
binder surface, the punch opening line 
was moved near the periphery of the 
wheelhouse opening. Also, the binder was 
lowered and formed into a conical shape 
to create a binder wrap of the metal 
blank. This feature reduced the severity 
of draw and created a more uniform 
punch-to-sheet metal contact. During 
actual toggle press operation with a 1,200-
ton thrust, the draw die performs in a 
delayed action. The binder ring closes 
first to clamp the outer periphery of the 
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flat blank. Then the punch follows through. 
In this draw operation a cold flow of 
metal occurs in the opening provided by 
the punch-to-die metal clearance. 

Die Tryout 

Die tryout was one of the most impor­
tant steps in the transition from the styl­
ing concept to the finished body. It was 
during die tryout that the operational 
feasibility of a die design was tested and 
perfected. During the tryout, a thin fila­
ment of Prussian blue on the steel blank 
helped pinpoint where binding occurred. 
Progressive adjustments led to the final 
stoning and polishing of die faces. This 
applied to each successive die in the 
operational line up. Eventually, accept­
able panels emerged and the dies were 
ready for the pilot production run. 

Production Engineering 
Enters Final Stages 

With the completion of preliminary 
planning and the actual product design 
under way, the Production Engineering 
Activity entered a new phase. The em­
phasis now was on the specific tool design 
and production planning necessary to 
accomplish the goal of converting some 
4,000 separate parts into the completed 
Toronado body. 

Body Design Presented 
Processing Challenges 

The tool planning program moved into 
its final stages as advance part prints 
became available from the Body Engi-
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neering Activity. These prints were used 
by process engineers to determine the 
tooling and gaging requirements that had 
to be incorporated into the final design 
by the product engineers. 

For example, the 14 separate panels 
that make up the underbody assembly 
were processed to be assembled in three 
separate sub-assembly feeder production 
lines that met at an automatic welding 
station which completed the assembly. 
Four automatic, two semi-automatic, and 
twelve manual fixtures were required to 
provide a balanced production rate and 
to maintain a sequence of flow through 
the sub-assembly area. 

Assemb(v Tools 

Investigated 

Process engineers in the Production 
Engineering Activity released final assem­
bly tool design orders, weld study layouts, 
and part locating point layouts to the 
Tool Design Department. The part locat­
ing point layouts assured greater accuracy 
and consistency of manufacture by estab­
lishing the coordinated fixture locating 
points from the fabricating plant through 
the final assembly operations. The weld 
studies were made to show the determined 
method of assembly welding, as well as 
the quantity and weld spacing require­
ments. 

New Processing 
Techniques Applied 

As tool design progressed, tool engi­
neers were analyzing new techniques and 

devices for application in the program. 
As a result, the mechanized welder used 
for the underbody had a walking gun• and 
spot weld spacing control incorporated 
into its design. These additions reduced 
the quantity of mechanical controls, cams, 
and limit switches required. 

A stud welder, which previously had 
been developed to provide attaching 
points for windshield and back window 
reveal molding clips, was given addi­
tional use on the Toronado body. The 
location of an exterior trim molding on 
the bottom edge of the door made con­
ventional attachment impractical due to 
interference of the hem flange with the 
standard attaching clips. This problem 
was solved by stud welding in which 
small steel studs were welded to the outer 
panel with an automatic welder. Heat 
was developed from the electric arc 
drawn between the stud and panel. The 
stud and panel then were brought 
together with a predetermined pres­
sure when the proper temperature was 
reached. 

Another new processing technique was 
developed to eliminate a double scaling 
operation on the rear ventilation plenum 
chamber drain connection. The rear 
plenum chamber design of the ventila­
tion system required drain hoses at both 
sides of the body. Adequate scaling of the 
connection collars was mandatory to pre­
vent water leaks into the luggage com-

.,.hc walking g un is an indexing \'o'Clding gun head 
uni, tha, is driven along a prcdclcnnincd path or track 
by either air c>•l inden or motors. The unit fires at 
specific intervals:. 
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partment. A wobble welde,t was used to 
apply a seam weld around the collar 
with an oscillating cam, thus maintaining 
a continuous weld and eliminating the 
need for sealers. 

Checking Fixtures 
Developed 

Having been advised of construction 
areas and mating surfaces, the checking 
fixture engineer proceeded to plan the 
necessary fixtures and body building aids. 
Checking fixtures were used to indicate 
production assembly tooling adjustments 
required to compensate for metal varia­
tions between die runs. This tool adjust­
ment check assured consistency of assem­
bly throughout the production run. 

As the design, process, and checking 
fixture engineers progressed with their 
work, the body coordination sections 
were finalized. By consistent use of 
common locating and clamping points 
between tools, excessive cumulative toler­
ance build-up was controlled. Body 
coordination section (BCS) drawings were 
prepared by the Body Engineering Activ­
ity at the request of the process engineers 
to assure concurrence of the final body 
design and the tooling control points. 
Any product change affecting a clamping 
point was immediately indicated on the 

fThe wobble welder iJ a walking roller gun having a 
cam.controlled erratic motion wdding head unlt that 
is designed to maintain a normal weld relocation while 
turning a tight arc when a vertical plane obstruction 
is present. A wobble welder also can be considered as 
a circular electrode welder tha1 uses an c.rratic cam 
action 10 assure only one small arc of the electrode in 
con1act with the workpiece at any one time rn attain a 
complete circular weld. 
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BCS drawings. This allowed a quick tool 
coordination. 

Soft Trim, Hard Trim 
Designs Finalized 

The steps and procedures required to 
design and coordinate the tooling for the 
building of the Toronado body shell does 
not end the Fisher Body story. Into this 
shell had to go such items as door hinges, 
window regulators, glass, seat adjusters, 
decorative t rim moldings, and soft trim 
requirements to complete the body. These 
items also required tools and fixtures 
which came under I.he design and de­
velopment responsibility of the Produc­
tion Engineering Activity. 

Dielectric Embossing 
Used on Interior Trim 

Dielectric embossing was used to pro­
vide decorative effects on interior trim 
parts. Although the technical factors 
involved in each dielectric embossing 
design may be empirically estimated, 
considerable testing and development 
work still was required to arrive at the 
final production answers. The embossing 
process was done in a hydraulic press in 
which the upper half contained the di-

electric unit and embossing electrodes 
and the lower half contained a movable 
ram. When the press closed and the di­
electric unit was activated, a high fre­
quency wave was generated that caused 
a molecular reaction in the trim material. 
The resulting heating of the material and 
I.he pressure exerted by the press em­
bossed the pattern design into the elec­
trodes in the surface of the material. 

Soft Trim 
Work Completed 

When final soft trim design informa­
tion became available, the production 
engineers completed their analysis and 
determination of the sewing machine, 
rule cutting press, and critical embossing 
press work loads. Process engineers then 
issued design instructions to the tool 
designers for the cutting blade and em­
bossing plate designs to produce the 
desired styling patterns. Equipment re­
quirements were calcula ted from the over­
all program loads and arrangements 
were made for the required equipment 
procurements. All of the trim embossing, 
cutting, and sewing operations were 
allocated to Fisher Body trim fabricating 
plants because of the special skills, equip-
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ment, and handling required with the 
soft trim materials. 

Hard Trim 
Work Completed 

Hard trim and hardware parts were 
next in the process and tool development 
program. 

Over 1,000 assembly plant operation 
description packages were required for 
the Toronado program and more than 
half covered the painting, sealing, trim, 
and hardware areas. Most of the tooling 
required in these areas was of the hand 
tool or light-apply fixture type. The 
equipment consisted mainly of commer­
cially available portable hand power tools 
and accessories. 

The process engineers involved with 
trim and hardware had been meeting 
with the product engineers to obtain 
design conditions allowing a reasonable 
installation sequence of parts. Their task 
was to select the proper power tools to 
obtain the specified bolt torques, drill the 
holes, and drive the screws. 

The door window glass attachment 
d esign consisted of two separate front and 
rear die-cast lower sash channel assem­
blies for attaching the bolt-on-glass to the 
lift mechanism. At each sash channel 
three flat-headed bolts with large diam­
eter heads bearing on rubber spacers, 
with a rubber spacer between the glass 
and sash channel assembly, provided the 
bearing surfaces for the glass support 
(Fig. 11 ) . The bolts and spacers were 
located through holes in the glass. The 
tightening of the bolts to specified torque 
requirements with torque-regulated air 
tools was complicated by the flow factor 
of the rubber grommets. Specified bolt 
torques faded and this torque relaxation 
enabled the glass to shift and thereby lose 
its sealing fit to the door opening. The 
problem was overcome by working with 
the grommet material specifications, ma­
terial thickness, tooling, and torque speci­
fication to achieve a satisfactory bolt 
holding torque. Fixtures were developed 
by the process engineers and tool designers 
that accurately located the sash brackets 
to the glass. The fixtures were required 
to provide sufficient adjustment for the 
allowable cumulative tolerances of the 
glass, the castings, and the door openings. 

Process Planning 
Nears Completion 

Concurrent with the actual tool designs 
and adaptation of technical improvement 
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to the Toronado body program was the 
preparation of operation description (OD) 
sheets (Fig. 12) by process engineers. 
These sheets showed in diagramatic form 
the part loading and operation sequence 
of each operation. Operation sequence 
charts also were prepared to indicate all 
possible assembly built combinations 
within certain mandatory load and weld­
ing sequence requirements. Each opera­
tion then was assigned a number which 
became the number of the individual 
operation description sheet. Both the 
sequence charts and OD sheets were dis­
tributed to the assembly plant staff so line 
operation sequence and manpower work 
balance could be planned in conjunction 
with equipment placement. 

Pilot Production 
Program Begins 

For much the same reason as a Broad­
way producer of a play schedules a full 
dress rehearsal, Fisher Body and Olds­
mobile scheduled a pilot production line 
several months before the start of regular 

Toronado body production. The pilot 
program was a function of the Production 
Engineering Activity, but i l involved 
other Fisher Body engineering groups as 
well. The pilot program did not end 
Production Engineering's responsibility; 
in fact, it was the beginning of a new 
phase of concentrated effort. All tools 
had to be lu11ed-in before the start of 
production. 

One purpose of the pilot line was to 
enable the plants to provide efficient body 
production in the desired quantity during 
the introduction of the Toronado. A 
number of Toronado bodies were built 
under simulated production conditions 
and tools, equipment, and parts were 
thoroughly evaluated. The pilot line also 
provided an initial quantity of produc­
tion type bodies for furlher tests both in 
the Fisher Body Laboratories and at the 
GM Proving Grounds {Fig. 13). The big 
question that had lo be answered during 
the pilot line program was " how will it 
build?" 

It might be asked: " Why bother with 
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Fig. 11 - TORONADO FRONT DOOR HARDWARE. The door window glass is secured to the n sh 
assembly by bolts. To compensate for the changing shape of the glass as it lowered through the door 
belt opening, curved window regulator tracks had to be designed. 
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a pilot run? After all, prototype bodies 
had been built and tested. If every part 
was inspected and every operation checked 
out, then there shouldn't be any problem 
with production." Experience has shown, 
however, the value of the assurances 
gained with the pilot run. Completed 
Toronado bodies, built exactly like pro­
duction bodies, were available for further 
test work months before volume produc­
tion began. Nothing was taken for granted. 
Viewed in a different light, the pilot run 
did not look for glaring mistakes or prob­
lems. Rather, the pilot run searched for 
the little things that might make a big 
difference. 

A typical example of a change to come 
out of the Toronado pilot program was 
the addition of two small holes to drain 
excess Bonderite (a rust preventive solu­
tion applied to the entire body prior to 
painting) from a pocket formed in the 
dash-to-chassis frame brace. The elimina­
tion of the excess Bonderite increased the 
quality of the final paint finish. In another 
instance, an existing hole in the wind-
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shield upper corner reinforcement was 
specified as a gage hole to eliminate vari­
ance in the metal build-up in this area. 

Production Control 
Planning Vital to 
Overall Program 

Volume production of the Toronado 
body could not exist without effective 
production control and the related plan­
ning and scheduling required. Conse­
quently, the starting point of production 
planning and control was the forecast of 
anticipated volume. The next step was 
developing a production program to de­
termine the allocation of production to 
the various fabrication and assembly 
plants. 

After the location of the Toronado 
body assembly plant was determined, 
the Production Control Section translated 
the decision into a definite form of 
monthly, daily, and hourly capacities. 
Planning related to " before start of pro­
duction" included the engineering design 
and development of the new body, the 

dies, fixtures, and production equipment. 
Also considered were such activities as: 
the change-over and rearrangement of 
plant and facilities, the planning of mate­
rial handling activities, the establishment 
of production standards, and the arrange­
ment of sources of supply for material. 

Of equal importance was the schedul­
ing of production at the assembly plant 
to coordinate the assembly of finished 
Toronado bodies with the requirements 
of Oldsmobile. These requirements take 
the form of individual body orders (sum­
maries) that specify color, trim, and 
equipment for each body to be produced. 
This scheduling phase begins with the 
pilot run production program and con­
tinues throughout the model year . 

Final Production Begins 

After months of preparation, the Euclid 
assembly plant was ready to produce the 
Toronado body. Such materials as steel 
(1,000 lb would go into each body), 
glass, fabrics, and paint were moving 
toward the production line. Fisher Body 
fabricating plants were sending stamped 
body parts. Ternstedt Division was ship­
ping the needed decorative trim and 
hardware parts. All of the 4,000 parts 
needed for each body were being made 
available in the right place at the right 
time. 

The day finally arrived when body 
production began. In general, the se­
quence of body building follows the 
pattern of house building. The floor, or 
underbody, of the Toronado was built 
first, then the sides were joined, and 
finally the roof was added. Throughout 
these operations the same locating and 
clamping points were used as established 
by the tool planners. The body shell 
gained an identity as it passed through 
the various painting and sealing oper­
ations and the hardware and interior 
trim installations (Fig. 14). When the 
painted and trimmed body reached the 
end of the assembly line, the test engi­
neer once more entered the picture. 
Much of the testing that started during 
the drawing board stage and that was re­
peated on hand-made prototype bodies 
and pilot line bodies now was repeated 
on the production bodies. 

Fig. 12-0PERATION DESCRIPTION SHEET. 
Proccu engineers prepared operation description 
(OD) aheeu that indicated the sequence of each 
line operation. Plant engineers then used the sheets 
to complete production equipment planning. 
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Fig. 14-BODY ASSEMBLY 
SEQUENCE. Each T oronado 
body is erected on a two-ton 
steel base. The sides of the 
body are held true to achieve 
proper fit. Welding guns. 
grinders, and equipment to 
lead in body scams arc used to 
fuse the body shell into a solid 
unit, which then is certified 
for structural integrity and 
inspected for complete open­
ings such as windshield, door, 
and trunk. The body shell gains 
an identity as it passes through 
the paint and trim operations. 
After a final inspection it is 
ready for shipment to Olds­
mobile's final assembly plant. 

Fig. 13-PROVING GROUND TESTS. Tests at the GM 
Proving Ground were performed on the T oronado pilot pro­
duction bodies to supplement the laboratory tests. The tests 
took into account the extremes of weather and usage condi­
tions. Among the many tests performed were: windshield 
wiper tests (a), durability tests on the Belgium block road 
(b), and jacking tests (c). 
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Fig. 15-SHIPMENT OF TORONADO BODIES. Completed Toronado bodies are shown leaving the 
Fisher Body Euclid, Ohio, plant bound for the Oldsmobile final assembly plant in Lansing, Michigan. 

TO CAR 
DIVISION 

Each assembly line operation per­
formed on the Toronado body was the 
end result of many factors: 

• The process engineer's judgement 
(could the operation be improved?) 

• The type and condition of produc­
tion equipment 

• The quality of individual parts and 
material 

• The high calibre of workmanship 
• The demands of Oldsmobile Division 
• Fisher Body's pursuit of quality (is 

there a way to make it better or a 
better way of making it?). 

T he Toronado body was only one 
part of the complete automobile. I t still 
had to be assembled to the chassis com­
ponents. The start of production at the 
Euclid plant and the shipment of com­
pleted bodies to Oldsmobile (Fig. 15) 
marked the end of the Fisher Body Toro­
nado story, but began the service life of a 
new Toronado. 

Conclusion 

The techniques used to engineer and 
manufacture an automobile body such 
as the Toronado have evolved over 60 

years of growth and change in the auto­
motive industry. Progress and improve­
ment are the very nature of the business. 
Customer demand is influenced by chang­
ing economic conditions and living habits. 
Each development opens new vistas of 
progress. Advances in technology and 
the availability of new materials and proc­
esses provide new areas to challenge the 
imagination. While new designs that the 
corning years will bring cannot be fore­
seen, it is certain that they will be most 
interesting and challenging to the body 
builder. 

Acknowledgement 
The author ackno.wledges the assist­

ance of Fisher Body engineering per­
sonnel whose efforts made this paper 
possible. Contributions from various engi­
neering Activities and Departments were 
coordinated by: George R . Lyon, Experi­
mental and Development Department; 
Jack A. Wallace, Die Engineering Activ­
ity; John R. Kari, Production Engi­
neering Activity; Lawrence G. J anisse, 
Trim Engineering Department; and 
Joseph M. Scanlon, Trim and Hard­
ware Styling Department. 

FIRST QUARTER 1966 55 



Contributors to 

First Quarter 

1966 Issue of 

J OHN B. 
BELTZ, 

contributor of "An 
Overall Look at the 
Toronado-A New 
Breed of Automobile," 
is chief engineer in 
charge of the Product 
Engineering Depart-

o a N • R A L M O T O R 9 ment at Oldsmobile 

:E:NGlll:EERI-N-Fi Division. 

l .... llll!llll!!I•....... Mr. Beltz attended 

111111·1~',1 I ;~=n~:~~:s~:.B~~: ~~r~~gi:ni9~~~~ - • - • ••~'l- JOmed Oldsmobile m 1947 as a senior 
engineering clerk. Prior to joining 

HARRY F. 
BARR, 
contributor of "Prod-
uct Engineering in 
General Motors," is 
Vice President in 
charge of the GM 
Engineering Staff. 
Mr. Barr attended the 
University of Missouri 
before enrolling at the 
University of Detroit, 

which granted him a bachelor's degree in 
automotive engineering in 1929. Follow­
ing graduation, he joined GM as a labo­
ratory technician with Cadillac Motor 
Car Division. He became a project 
engineer in 1937 then held various engi­
neering assignments with Cadillac, 
including chief engineer of Cadillac's 
Cleveland, Ohio, Ordnance Plant. He 
was made assistant chief engineer of 
Cadillac in 1950 and two years later was 
appointed assistant chief engineer of 
Chevrolet Division in charge of engine 
and passenger car chassis. He was named 
chief engineer of Chevrolet in 1956. He 
assumed his present position in 1963. 

M r. Barr is a member of the National 
Academy of Engineering, the Society of 
Automotive Engineers' board of direc­
tors, the Engineering Society of Detroit, 
the American Ordnance Association, Tau 
Beta Pi, and the Coordinating Research 
Council. He also is a member of the 
board of trustees of the Detroit Institute 
of Technology. In 1965 he received the 
University of Missouri's honor award for 
distinguished service in engineering. His 
work in the field of internal combustion 
engine design has resulted in the grant of 
nine patents. 

FIRST QUARTER 1966 

General Motors, he was employed by the 
Packard Motor Car Company and the 
Reo Motor Car Company. 

Before assuming his responsibilities as 
chief engineer in 1964, Mr. Beltz held 
the positions of project engineer, senior 
project engineer, experimental engineer, 
and assistant chief engineer in Olds­
mobile's Product Engineering Depart­
ment. 

He is a member of the Society of Auto­
motive Engineers, Engineering Society of 
Detroit, and the American Ordnance 
Society. He has had a patent granted as 
a result of his work in vehicle body 
design and has published in the field of 
lubricant testing. 

EARL D. 
BLACK, 

contributor of the 
problem "Determine 
the Blank Size of a 
Me tal Bracket to 
Mate Holes of Two 
Given Parts," and the 
solution appearing in 
this issue, is a special­
ist in graphics and 
specifications in the 

Product Engineering Department at 
General Motors Institute. He is respon­
sible for developing courses and faculty 
in engineering graphics. 

Mr. Black joined the GMI staff in 1942 
as an instructor in the Engineering Draw­
ing Department. He was promoted to 
section head in 1953 and to instructional 
specialist in graphics in 1963 before 
assuming his present position in 1964. 
Southeast Missouri State College granted 
Mr. Black the B.S. degree in 1932. 

Mr. Black is a member of the Engi­
neering Graphics Division of the Ameri-

can Society for Engineering Education 
and currently is editor of the Journal of 
Engineering Graphics. He also is a member 
of the American Society of Tool and 
Manufacturing Engineers and serves on 
the Society's Executive Committee and 
as chairman of its Standards Committee. 

neering Staff. 

LAWRENCE J. 
KEHOE, JR., 
co-con tri bu tor of 
"Structure and Sus­
pension Development 
for the Front Wheel 
Drive Vehicle Con­
cept," is administra­
tive engineer for the 
Structure and Sus­
pension Development 
Group, GM Engi­

Mr. Kehoe joined General Motors in 
1927 as a General Motors Institute stu­
dent in the cooperative engineering 
program sponsored by Cadillac Motor 
Car Division. Following graduation from 
G.M.I. in 1931, he worked with the 
Special Problems Group of Cadillac's 
Engineering Department. In 1940 he was 
transferred to the GM Engineering Staff's 
Product Study Group, which later 
became the Structure and Suspension 
Development Group. He assumed his 
present position in 1957, after having 
served as project engineer, senior engi­
neer, and experimental engineer. 

Mr. Kehoe, who received the B.1.E. 
degree from G .M.I. in 1961, isa member 
of the Society of Automotive Engineers 
and serves on several S.A.E- technical 
committees. He has published papers 
concerning suspensions and chassis. 
lubricants. 

JOHN 0. 
MALLOY, 

contributor of "The 
Development of a 
Unitized Power Pack­
age for a Front Wheel 
Drive Vehicle," is a 
senior project engineer 
in the GM Engineer­
ing Staff's Transmis­
sion D evelopment 
Group. 

Mr. Malloy joined General Motors in 
1951 as a junior engineer with the Trans­
mission Development Group. He wa& 

59 


	1966_GM_EngJourn_qtr1_pt1
	1966engjourn_v13i1_cvr1
	1966engjourn_v13i1_cvr2
	1966engjourn_v13i1_p1
	1966engjourn_v13i1_p2
	1966engjourn_v13i1_p3
	1966engjourn_v13i1_p4
	1966engjourn_v13i1_p5
	1966engjourn_v13i1_p6
	1966engjourn_v13i1_p7
	1966engjourn_v13i1_p8
	1966engjourn_v13i1_p9
	1966engjourn_v13i1_p10

	1966_GM_EngJourn_qtr1_pt2
	1966engjourn_v13i1_p11
	1966engjourn_v13i1_p12
	1966engjourn_v13i1_p13
	1966engjourn_v13i1_p14
	1966engjourn_v13i1_p15
	1966engjourn_v13i1_p16
	1966engjourn_v13i1_p17
	1966engjourn_v13i1_p18
	1966engjourn_v13i1_p19
	1966engjourn_v13i1_p20
	1966engjourn_v13i1_p21

	1966_GM_EngJourn_qtr1_pt3
	1966engjourn_v13i1_p22
	1966engjourn_v13i1_p23
	1966engjourn_v13i1_p24
	1966engjourn_v13i1_p25
	1966engjourn_v13i1_p26
	1966engjourn_v13i1_p27
	1966engjourn_v13i1_p28
	1966engjourn_V13i1_p29
	1966engjourn_v13i1_p30
	1966engjourn_v13i1_p31
	1966engjourn_v13i1_p32
	1966engjourn_v13i1_p33
	1966engjourn_v13i1_p34
	1966engjourn_v13i1_p35
	1966engjourn_v13i1_p36
	1966engjourn_v13i1_p37

	1966_GM_EngJourn_qtr1_pt4
	1966engjourn_v13i1_p38
	1966engjourn_v13i1_p39
	1966engjourn_v13i1_p40
	1966engjourn_v13i1_p41
	1966engjourn_v13i1_p42
	1966engjourn_v13i1_p43
	1966engjourn_v13i1_p44
	1966engjourn_v13i1_p45
	1966engjourn_v13i1_p46

	1966_GM_EngJourn_qtr1_pt5
	1966engjourn_v13i1_p47
	1966engjourn_v13i1_p48
	1966engjourn_v13i1_p49
	1966engjourn_v13i1_p50
	1966engjourn_v13i1_p51
	1966engjourn_v13i1_p52
	1966engjourn_v13i1_p53
	1966engjourn_v13i1_p54
	1966engjourn_v13i1_p55
	1966engjourn_v13i1_p59




