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ABSTRACT

ASSAULT GLIDERS: A REEXAMINATION by Maj Ronald M. Buffkin, USA 137
pages.

This is a critical examination of the combat glider as used in World War
11. This study uses the Market-Garden airborne invasion of Holland in
1944 to determine whether the glider was cost effective as a system of
airborne assault.

Cost effectiveness is determined by comparing glider echelons with
parachute echelons. Five elements of cost contribute to the expense cf
airborne operations. These elements are equipment costs, training costs,
assembly-packing costs, pay costs, ana recovery costs. A Standard Unit
Equivalent (SUE) provides the common denominator for capability of
gliders and parachutes. SUEs measure combat capability and produce a
resultant dollar amount. The more cost effective force is the echelon
with the least cost for the same combat capability on the ground.
Gliders, as used on the first day of the Market-Garden airborne
operation were not cost effective because of high costs, poor recovery,
and less combat power delivered compared tc the parachute. A cost
effective successtul glider model is offered as having value to any
consideration for future glider use.
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It is well to remember two
things: no weapon is obsolete,
and the second of even
greater import--- no weapon,
whose potential is once
recognized as of any degree
of value, ever becomes .
obsolete.

J.M. CAMERON

The National World War Il Glider
Pilots Association coat of arms
was designed by the US Army In-
stitute of Heraldry. The shield in
the center is air force blue’ with
eight stars at the top denoting the
number of World War Il cam-
paigns in which gliders were used
SJor combat assaults, rescue opera-
tions, and resupply attempts, The
single star at the base of the shield
represents the five Army Air
Forces to which gliders were as-
signed. The scarlet globe in the
center symbolized the vorldwide
conflict of World War II, and its
two sections allude to the glider’s
employment in both the northern
latitudes of Europe and the south-
ern latitudes of the Pacific. The
silhouetted glider shown is a Waco
CC-4A seemingly in flight against
a backgro:: 1d of sky and clouds.
Silent Wings Museum.




CHAPTER ONE

INTRODUCT!ON TO ASSAULT GLIDERS

Defining The Research Problem

Qliders served as an airborne assault system on a mammoth scale.
The scope of these operations however, occurred during a brief period
when viewed across the expanse of airpower's contributions to military
tactics and doctrine. The assault glider, as defined in this thesis,
enjoyed a robust, albeit brief, life. This lifespan dawned following the
start of World War Il. For the United States, gliders rolled off assembly
lines to rank as the third most produced combat aircraft of the war
behind the B-24 bomber and P-51 f‘ighter.1 Following the end of the
war, gliders remained an operational technique for airborne units. The
last doctrinal mention of assault gliders was in 1352, The Army's

Airborne Techniques for Divisional Units field manual referred to assault

transports employed without engines as gl'ider‘s.2

At the time, powered assault transport aircraft and the successful
combat airdrop in Korea of troops and heavy equipment edged the glider
out of the airborne arsenal. Perhaps the glider's demise was premature
when viewed against the competing technologies of the assault transport
and parachute delivery of heavy equipment, neither having enjoyed
success in World War Il. The newly created United States Air Force
committed itself to fielding a durable short take-off and landing tactical
powered aircraft to support the Army. The aircraft it picked had

1




durability, payload, and the short landing characteristics the Army
needed. By no coincidence, the aircraft was a glider with engines. The
CG-20A glider, developed during World war (I, became the C-123 assault
transport.3 With equal vigor, the Army pressed for the capability to
deliver heavy equipment by parachute.

The heavy-drop technique of using cargo parachutes to deliver
artillery, vehicles, and some armored equipment was virtually perfected.
Many airborne enthusiasts however, argued that limitations in accuracy,
payload, and the time required to configure heavy loads proved far less
a panacea for parachute forces than originally envisioned. The same is
true of the assault transpcort. The C-123 is obsolete in the active force
and its replacement, the C-130, although a workhorse, requires relatively
prepared surfaces for operation. What then, of the glider as used in
World war 11?

Would an assault glider offer any increase in capability today?
Perhaps technology and tactics have advanced encugh to overcome the
limitations causing the death of the glider. This study answers these
concerns through the window of cost effectiveness. Cost effectiveness is
traditionally one measure of the success or failure of a piece of
equipment or system. This study goes beyond a simple cost effectiveness
review however, by selecting as a model for study an actual combat
airborne operation. This model, limited to the first day of the largest

airborne assault in history, provides the framework for this study.




The Research Question

Were gliders cost effective compared to the use of parachutes as a
means of airborne assault on the first day of the Market-Garden
operation?

Background to the Research Question

During World War Il, gliders flew on a scale never seen before
with the United States Army's plans to build 36,000 gliders.? The scope
of the glider's use was planned to exceed the use of parachutes. Each
of the Army's airborne divisions initially owned two glider regiments and
one parachute regiment, but this changed to two parachute regiments
and one glider regiment when staff officers discovered that not enough
cargo space existed for the troopships moving overseas if the airborne
division packed its gliders. In the interest of economy, one glider
regiment in each airborne division was converted to a parachute
regiment with the stroke of a ben.s Fortunately, the airborne training
pipeline readily provided enough parachute qualified soldiers for the
change. Cost effectiveness issues would continue to affect the Army's
glider program however. This study uses the Market-Garden operation
as the laboratory to study the cost effectiveness ¢f the glider. Market-
Garden was selected for several reasons.

First, Market-Garden was the largest airborne operation of all
time. The operation, over its course, inserted by parachute and glider,
more than three divisions behind enemy lines. The operation planned for
both glider and parachute echelons to land on drop zones and landing
zones in similar terrain. Although the tactics and strategy of the Market
operation have been argued over the vyears, the first day, as an

3




airborne operation was an unqualified success.’ As shown in Figure 1-1,
the number of gliders employed on the first day of the Market airborne
operation provides a large sample from which glider use may be

examined.

MARKET GLIDERS 17 September 1944

120

Hamilcar

13

Figure 1-1. Number of gliders employed on 17 September 1944 in Market
operation. Number obtained from U.S. War Department, Report of
Airborne Phase, Operation Market, 18th Airborne Corps, 17-27 September
1944,

Sacond, Market was a combined operation. The first day, 17
September 1944, saw the combined airborne assault of the First British
Airborne Division, the United States 82nd and 1@1st Airborne Divisions,
and the corresponding airborne corps headquarters with these divisions.
In assessing the cost effectiveness of the glider, the British use along
with the United States' employment on the same operation provides an

unparalleled model for study not found elsewhere in the war.
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Third, and most important + this study hclds any lessons for the
future, is that Market occurred relatively late in the war. By the
summer of 1944, airborne doctrine had matured to a state of confidence
by both the troop carrier units and the airborne units. Unlike many
earlier fumbled attempts at airborne assault, Market was the result of
valuable combat experience. As such, Marxet gives this study the combat
laboratory needed to assess cost effectiveness.

Several assumptions are required to establish the framework for

this reexamination of the assault glider.

Assumptions Required of This Study

1. The Market airborne operation, specifically the first day, is the
correct sample population for this cost effectiveness study. Only an
actual combat operation would provide the credible scenario, or
laboratory, for this study. The hazard in selecting only one operation
for study however, is that perhaps the selection is of the wrong battle.
The assumption is that Market best represents a large-scale, successful
airborne operation and as such will provide the accurate model for
study.

2. This study's use of the Standard Unit Equivalent (SUE) to determine
the value of a glider's cargo in relation to a parachute delivered rifle
squad is a fair assessment of glider capability for delivering combat
power to the battlefield.

3. The five cost elements used to determine the cost effectiveness of the

glider accurately represent the major costs of using gliders on the first




day of Market. These cost elements are assumed to have value when
applied to any other study of the glider.

4. This study assumes all dollar figures as correct and accurate
assessments of costs. A three dimensional verification was performed on
all dollar amounts. First, every dollar figure was confirmed from a
primary source where possible. Second, dollar figures were confirmed by
subject matter experts, and these experts are noted in this study.
Finally, the author applied subjective experience to the dollar figures to
be sure they were applicable. Where actual amounts were not available,

it is noted in this study, and a close approximate is made.

Definition of Terms

1. Assault glider. The assault glider is a powerless aircraft of
conventional design with inherent flight characteristics of powered
aircraft. i1t is dependent upon powered aircraft for movement through
the medium of a tow rope. When released for free flight from any
altitude, its relatively low wing loading gives it a high gliding ratio and
a comparatively low landing speed. The successful employment of the
glider is in direct proportion to the quality of the pilot.7 During World
War 11, United States gliders were classed as Cargo Gliders, hence the
designation "CG." The assault glider, as developed during the war, was
a squad carrying, heavily armed glider that never made it off the
drawing boards. For this study however, all gliders are called assault
gliders because of the way they were employed. Gliders in this study
flew in direct assault upon enemy-held terrain. The accurate term is
assault glider and is used in this study.

6




2. Parachute troops (parachutists). Those troops delivered to the combat
area by transport aircraft upon arrival who will jump from the aircraft
in flight and conduct a parachute descent *into- battle.

3. Personnel parachute. The personnel parachute was designed to carry
one paratroop and his individual equipment into battle. The standard
U.S. personnei parachute for Market was the T-7. The standard British
personnel parachute during Market was the X-type.

4. Landing Zone (LZ). An area of terrain, upon which, gliders will land.
The ideal _.Z would be relatively flat, free of obstacles, generally level,
and large enough in size tc support the number of gliders anticipated
to land there.

5. Drop Zone (DZ). An area of terrain, upon which paratroops will land.
The ideal DZ would be relatively flat, free of obstacles, and large
enough in size to support the number of jumpers anticipated to land
there. Considerations for both the drop zone and landing zone are
similar. The chief difference is that a drop zone must consider the
dispersion of the jumpers and speed of the aircraft as it passes over
the drop zone. A landing zone for the gliders must consider the ground
run of the glider and the number of gliders expected to use the landing
zone.

The limitation of the parachute is that a large number of
jumpers requires a large area. Even with current technology, a single
parachutist requires an area 3¢9 meters X 3@8 meters.8 This figure is
for peacestime safety concerns. The glider also required a large area for

training, but in combat these dimensions were reduced.




€. Qlider troops. Troops whose primary means of insertion into battle
was by glider. GQlider troops did not initially receive the pay or special
uniforms that their paratroop comra&es received. Although authorized by
the time of Market, those glider troops participating in Market did not
receive glider pay for that operation.

7. Tow and tug. These terms are interchangeable. The cargo aircraft,
usually a C-47 aircraft, having the mission to tow a glider to its release
point near the LZ was called a tug. The act of pulling a glider behind a
tug was called towing. During World War I, a variety of different types
of aircraft were used to "tow" a glider. A most novel concept was that
of using a P-38 fighter aircraft to tow a glider by the P-38's bomb
shackle. The P-38 could then release the glider over its LZ and the P-38
could provide fighter cover until the glider landed. This concept would
have had remarkable cost effectiveness implications if it had been
employed.

8. Tow rope. A 3¢@-foot nylon rope used to pull a glider behind a tug.
Other lengths of rope were sometimes used, but the 3@@-foot length was
standard for the Market operation. The British gliders used a Y-shaped
rope of shorter length usually 15@-feet long. The tow rope deserves
mention because it limited the glider's effectiveness. Several gliders
would not make it to Market because of broken tow ropes. Tow ropes
frequently became overloaded or overstressed causing the rope to
break. The normal position of the glider was to fly slightly above and
behind the tow plane with slack in the tow rope. Normally, a wire
communication cable would be wrapped around the tow rope for

communication with the tow plane.




The Germans eventually solved the tow rope problem by developing
a rigid tow-bar., The rigid tow-bar, although requiring a longer time for
the marshalling and attachment to its glider, prevented most of the
problems associated with the tow rope.
9. Market-Garden. Market-Garden was actually two operations. Market
was the airborne assault to seize a narrow corridor in Holland, through
which, armored forces would attack. Garden was the ground armor
linkup and attack phase. In execution, Market-Garden became badly
overextended, outnumbered by enemy forces, and did not meet its
objectives. While the tactical failure to follow-up on the initial success
of the airborne assault and the failure of the British 3@th Armor Corps
to effect linkup raises serious questions, they are not the tfocus of this
study. Suffice it to record that the first day, 17 September 1944, was a
successfui multi-division airborne assault.
18. Cost. Costs in this study applies to five cost elements of glider and
parachute operations associated with the first day of Market. Each of
these five costs are described in detail in Chapter Three, but will be
briefly mentioned here.
a. Equipment costs. This refere to the capital equipment costs needed to
outfit the glider and parachute echelons of the three participating
airborne divisions. Specifically, this element refers to the glider and
personnel parachute end-item costs.
b. Training costs. This cost is a relative value of the training needed to
produce a qualified glider pilot for the glider echelons and the costs to

produce a qualified paratroop.




c. Packing-Assembly. This cost element applies to the man-hours needed
to pack personnel parachutes for the parachute echelons and the man-
hours needed to assemble gliders for the glider echelons.

d. Pay. Pay costs applied to two distinct elements of paying soldiers
associated with airborne operations. For this study, pay for the glider
echelons only applies to the base and flight pay of the participating
glider pilots. Pay for the paratroopers applies only to the jump pay for
the participating paratroops.

e. Recovery. This element of costs is the most critical to this study and
moet difficult to understand. Basically, every glider not salvaged from
the Market operation was a glider that had to be replaced. Similarly,
every parachute lost or abandoned was a parachute that had to be
replaced. Recovery costs in this study assume that gliders and
parachutes not recovered had to be procured again at the same costs
used for initial equipping of the parachute and glider echelons.

11. Standard Unit Equivalent (SUE). This is the result of a formula to
establish a relationship between costs of using gliders versus the costs
of using parachutes. SUE is expressed as a number. It is a value in
relation to the 12-man infantry squad for the U.S. forces, and the 11-
man infantry squad in the British airborne forces. The SUE is the result
of this study's requirement to provide an accurate comparison between
what a glider can do compared to what a parachute can do. The SUE
assigns a numerical value to the payloads of the gliders and troop
carrier aircraft. It provides the common denominator link for comparison

between the glider and parachute.
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Limitations of the Study
This study is limited to the first day of Market, 17 Septemte<r

1944. This single day of operations was not the largest airborne mission,
but it was the most successful ¢’ the Market operation. This study is
limited to the first day because the first day went =imost totally
according to plan. The subsequent days were plagued by poor weather
and the enemy reaction to the operational surprise afforded by the
success on 17 September.

This study further limits its reexamination of the glider to the
selected cost elements. In evaluating any weapon or system, many
factors may be used to determine the contributions of the weapon or
system. Cost is traditionally one sure measure to determire the value of
military hardware. Cost effectiveness evaluations are part of all
development processes in the military. If this study is to have future

application, then the costs of employing gliders must be considered.

Delimitations of the Study

This study will not include other costs besides the five elements
of cost as defined in this chapter. This is both a deliberate and
conscious decision to focus strictly on the significant outstanding costs
of conducting the airborne portion on the first day of Market. The main
reason many costs were left out is because in comparing the parachute
and glider echelons, some costs cancelled each other out. For example,
whether a infantryman rode to battle via parachute or glider, he still
received his base pay. What was unique about his base pay in the case
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of the paratrooper is that it was boosted by an additional $5¢ per month
jump pay. The glider soldier did not get this, so the jump pay becomes
a cost element.

Ancther significant cost was involved in transporting all the
gliders to England. Once in England, gliders had to be assembled and
transported to their respective staging bases. The troop carrier planes
whose mission was to drop paratroopers simply had to fly to the correct
marshalling area and load the jumpers. While the costs of assembly of
gliders was significant enough to inciude, the other transport costs
were not. Many of these types of cost elements were inappropriate for
this study and were not included.

Leadership's impact on the effectiveness of glider and parachute
units cannot be discounted. The yardstick for the success of leadership
is mission accomplishme~t. Accordingly, both glider and parachute units
were highly successful, and both were at various times misemployed,
misunderstood, and misguided. The author's review of the history of
glider and parachute units uncovered many brave deeds, many heros,
and individuals with a strong sense of mission for both the glider and
parachute units. Senior leadership's vision for the organization is the
name for this infusion of spark, guidance, and support. For this study,
it was recognized that divergent leadership objectives existed for both
glider and parachute units. They will not be included here.

Some measure of background is needed to understand this
study'’'s approach to the cost effectiveness problem. For each of the five
elements of cost, a brief introduction to the elements is included here to
bring the reader to the necessary level of understanding for this study
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to proceed. This background will assist in understanding the nature of

the glider and parachute costs involved in this study and reasons for

their selection for inclusion.

Background to the Cost Elements
Equipping the Airborne Force
The United States Glider Program

QGermany provides the backdrop to the United States glider
program. The German's initial success with assault gliders sparked the
Jnited States program. QGermany’'s program however, was born of its
defeat in World war iI. Following that war, the defeated Germans began
building their air force for use in World war I1I.

The Treaty of Versailles prevented the Germans from developing
powered aircraft for miiitary use. The Germans however, already sport
glider enthusiasts, began toying with the idea of gliders for military
applications. Since the Germans, by treaty, could not build more
expensive forms of aircraft, the glider offered them in the prewar years
an economical alternative to more expensive forms of aircraft as well as
providing an excellent training tool for :::’i]ot:.s.9

The German pioneering effort with assault gliders resulted from
constraints following its defeat in World War |. Germany prior to World
War || had 186,000 licensed glider pilots comparad to only 384 licensed
glider pilots in the United States. The glider's advantage however, as a
combat and cost effective aircraft would wait until its first successful
use in combat. The Germans’' assault on Belgium in the early days of
World war 11 would demonstrate the glider's success.
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The first assault glider to slip on silent wings in combat flcw
during the German's successful assault on the Belgian fortress of Even
Emael in 1948 when the Nazi invasion swept ‘across the Low Countries.
This well-rehearsed assault by a small group of QGerman glider-borne
troops sparked a race for gliders among the allies. The United States
and Britain, shocked by the swift, silent, and stunning Eben Emael
assault launched a rapid program to develop gliders. United States
planners however, could not have known in 1940 that the first U.S.
glider assault in combat was still more than two vyears away.
Consequently, the U.S. began its glider program at a pace preventing
any detailed research and development normally associated with rew
aircraft. The urgency of the program resulted in cost overruns and
unguided direction. The race was to put gliders in the hands of troops
for training as soon as possible.

In February of 1941, U.S. Army Air Corps General Henry H. "Hap"
Arnold directed the start of the glider program. Many different
manufacturers acted on the opportunity to make gliders for the Army.
Besides aircraft companies, many unlikely candidates for the production
of combat aircraft signed up for glide.: contracts. Furniture factories,
piano companies, a casket maker, and a pickle company entered the
glider business to produce CG-4A gliders from commcn plans.19

Almost 16,009 gliders rolled of assembly lines in the United States
during World wWar |i. Most were the CG-4A glider. (See [llustration One.)

This glider is commonly called the Waco. Waco made 999 CG-4A gliders,
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ILLUSTRATION ONE

CG-4A GLIDER

Reprinted, by permission, from James E. Mrazek, Fighting Gliders of
World® War |1, (New York: St. Martins's Press, 1977) 1@5.
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only a small portion of the total, but as the Waco Aircraft Company of
Troy, Ohio delivered the first, the name Waco stuck. Most references to
the CG-4A use the term "Waco" to describe the CG-4A, but Waco was the
fourth largest maker of the CQG-4A.

The CG-4A designation refers to "Cargo Glider,” production model
4. The Army shipped 5,991 CG-4As to the European Theater of Operations
(ETO). Other types were the CG-15A, a total of eighty-seven shipped to
the ETO, and eighty-one CG-13As, also in the ETO. Although both of
these gliders were more capable and available during Market, the
ltterature failed to disclose why these were not used in Market.

Qlider procurement involved twenty-three companies in ten states
for the experimental models and twenty-two companies in fourteen states
for the production models. Almost $58@ million was spent in the
progr‘am.” No quality control measures watched the first production
gliders. Cost per glider ranged from $15000 to $1.7 million.? The
production rates had never been attempted before, even by experienced
aircraft companies. As an example of some faulty manufacturing, a tragic
accident involving a St. Louis glider contractor killed the mayor of St.
Louis, the president of the Robertson Aircraft Corporation and other
officials during a demonstration flight. An investigation revealed a
defective strut brace. This negative testimony to the reliability of
gliders would plague the program throughout the war,13

The haste of the glider program and the urgency to begin
training of airborne units resulted in the uncoordinated purchase of

gliders. Table 1-1 shows the various makers of the CG-4A.
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TABLE 1-1.--CQG-4A PRODUCTION DATA

Contractor Average Cost Delivered
Ford $14,891 2,418
Waco $19,367 999
Gibson _$25,785 1,055
Commonwealth $24,232 950
Northwestern $24,543 887
Q& A $25,144 464
General $31,019 1,013
Ridgefield $38,209 155
Robertson $39,027 147
Pratt, Read $30,892 925
Laister- $29,437 210
Kauffmann

Cessna $30,324 750
Babcock $50,906 60
Timm $51,123 433
Ward $379,457 7
National $1,741,809 1

Source: James E. Mrazek, Fighting Gliders of World War |1 (New York: St.
Martin's Press, 1977), Appendix I!I.

The British Glider Program

The British Horsa glider has been called the "ugly duckling” of
World War |i gliders and was the mainstay of the British glider force

during the war. It was designed with the intent of saving critical metals
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by drawing upon woodworking industries not involved in war
production. A specification was issued to the Airspeed Aviation Company,
Limited at Portsmouth for the Horsa. The first production Horsa flew in
September of 1941, only nine months after the initial specification was
issued.14 (See illustration Two.)

The first prototype Horsas were completed at Salisbury Hall,
London Colney, and then assembled at Fairey's Great V.est Aerodrome.
Remaining prototypes were assembled and test flown at Portsmouth
under trials with combat equipment;.15

The plan for Horsa production was for woodworking factories to
produce the Horsa in sections. it would then be assembled and test
flowr. by Royal Air Force (RAF) maintenance units. Almost 3,00¢ Horsas
were made this way with another 780 being entirely constructed,
assembled, and test flown at the Airspeed factory at Hampshire.1® The
Horsa went into full production following the aillied invasion of Sicily in
1943. Test flights in the Horsa were recorded up to an altitude of 20,000
feet.17

The Horsa was made largely of wood. Examination of its cockpit
revealed great woodworker skill. Dual controls with air-brake control
levers, tow-release, and trimming whesls were of wood. 18 The main
landing gear could be jettisoned. l:F Jettisoned, a nose wheel and shock-
absorbing skid took over.

Both the Mark | and Mark |l Horsa were similar in appearance.
The Horsa was a high-wing monoplane. It had an eighty-eight foot
wingspan and a fuselage length of sixty-seven feet. At the top of its
tail, it was more than twenty feet tall.
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ILLUSTRATION TWO
AIRSPEED HORSA I

Reprinted, by permission, James E. Mrazek, Fighting Gliders of World
war 1l, (New York: St. Martin's Press, 1977), T1.
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