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Foreword

It was intentional that the Panther would begin this
history, for more than any other German design the
Panther has exerted the greatest influence on the de-
velopment of the modern combat tank.

Considering that the time span from the initial concept
to the first prototype took less than a year, it can truly be
said that the German Army and arms manufacturers had
pertormed a feat unique in the history of tank develop-
ment.

The Panther heavy tank was successfully employed in
the field despite the many technical hurdles which go
hand in hand with such an advanced design — an
achievement which can be directly attributed to the
unturing efforts of all those who participated in the
project. It was they who found solutions in spite of the
seemingly insurmountable obstacles, who often branched
outinto unexplored areas of technology, and who day and
night had but a single goal in mind: to provide the hard-
pressed troops with an outstanding combat vehicle. This
they succeeded in doing in a most convincing manner.
Spurred on by the Russian T-34 tank, the advanced
theories of the German tank developers coalesced into a

single effective solution, a solution whose influence is still

being felt today. This volume attempts to once again
bring to light those difficulties which faced the designers
during the planning, development and manufacture of
the Panther tank. The dilemma facing these individuals
during this time period is demonstrated by the often
conflicting interests and competence of various offices
and organizations — as well as the political influence
which was brought to bear.

Due to the contributions of several experts, it has been

possible to give a thorough, detailed account of the long-
term designs of the German tank development. This
includes material ranging from the infrared battlefield
illumination, the stabilized gunsight, gun stabilization,
the fuel-injected internal combustion engine and the air-
cooled diesel engine to the electric, hydrostatic, and
hydrodynamic steering mechanism and gearbox.

[ would like to express my gratitude to the following
individuals for their contribution:
— Obersta.D. Dipl.-Ing. W. Esser, the former director of
the Army Testing Site for Tanks and Motorized Vehicles
in Kummersdorf bei Berlin;
— Oberst a.D. Th. Icken, formerly OKH/AHA/In 6
(Inspection of Armored Troops);
— Oberstleutnant a.D. Dipl.-Ing. K. Stollberg, formerly
OKH/Heereswaffenamt/WaPriif 6 — Group director for
the development of tank chassis.

I would also like to thank Peter Chamberlain, Hilary L.
Doyle, Col. Robert J. Icks, Tom L. Jentz and Hofrat Dr.
Friedrich Wiener for their assistance over the years.
When the Panther tank appeared on the battlefield in
1943, 1t was the single best combat vehicle of World War
I1. It was superior in terms of maneuverability, its armor
protection and certainly the massive firepower of its gun.
These, too, are the criteria which determine the combat
etfectiveness of the modern tank. With these features, the
Panther epitomized the combat tank of the German army
in the Second World War and paved the way for the
modern vehicles of the presentday. The task of this book is
to document this path. We are responsive to criticism and
welcome the opportunity to hear from our readers.

@m\f Q”OM@L@%{/

Walter J. Spielberger




The Panther & Its Variants

The Panzerkampfwagen IV concluded the series of tanks
developed during the peacetime years. During this time,
there were a number of designs submitted for heavier
tanks, but none of them made it beyond the prototype
stage. There was simply no one within the Army High
Command who saw the necessity for a heavier combat
tank.

This view changed — with a decided amount of urgency
— after the appearance of the Russian T-34 in July of
1941, and work was begun on the development of heavier
tanks. Like a red banner, the Russian 1-34 became the
standard by which to measure the tanks of the Second
World War. From the German standpoint, it not only
became necessary to improve upon the main guns and
armor of all its tanks, there was also the need for all of
Germany’s antitank forces to be revamped in light of the
new situation brought on by the appearance of the T-34.
And finally, it was the T-34 which triggered the redesign
of the Panther tank (as described in this book) and had a
major influence on its development.

Itis therefore appropriate to delve fora momentinto the
history of this Russian tank. The experience gained in the
Spanish Civil War in 1937 brought about demands for a
tank which was better able to withstand shell hits. The
Type T 46-5 (T 111) was the first development, appearing
in the spring of 1937. Following evaluations with the T
46-5b and after several interim designs, the Type A 20
appeared — the direct forerunner ot the T-34. As the
Model A 30, the vehicle was equipped with a high
performance 76.2mm gun. Trials using the Christie
running gear on the T 32 tank in 1939 and 1940 led to the
Model T-341n 1940. Making use of a reliable and powerful
diesel engine, this combat tank without a doubt repre-
sented the most advanced design of the day, in spite of a
simplistic clutch-and-brake steering and a primitive trans-
mission. In a remarkable way it embodied firepower,
maneuverability and armor protection. The T-34 was far
superior in these areas to all western tank designs of the
time. Its few weaknesses lay in its somewhat under-
developed drive system, the limited efficiency of its
running gear, the reduced command and control due to a
lack of radio equipment, the inadequate visibility and 1n
the fact that with a four man crew the commander was
overtaxed. He was also the tank’s gunner, and this dual
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role greatly reduced the fighting capability of the T-34.

Due to the thickness and angle of itsarmor, the German
Panzertruppe and Panzerabwehr (armored and antitank
forces) had an extremely difficult time combatting this
altogether advanced tank design, and the shortage of
adequate armor-piercing weapons was sorely felt. Even
more noteworthy was the fact that the German Panzer-
waffe, which were deeply impressed by the T-34, em-
phatically pressed for a design copy of the tank.

The following is a brief comparison of the primary
construction features of the main tanks in operation at the
time, including the basic data for the Panther:

T 34 (1941) Panzer IV  Panther (1942)
Ausf. Fl Provisional
(1941) Data
. Combat weight (kg) 26300 22300 43000
Power-to-weight (hp/t) 19 11.9 16
Ground pressure (bar) 0.64 0.79 0.88
Muzzle velocity
(armor-piercing) (m/s) 660 450 1120
Armament 7.62cm L/30.5 7.5cmL/24 7.5 cm L/70
Armor: front, side,
rear (mm) 45/45/40 50/204+20/20 80/40/40
Fuel capacity 480 (diesel) 470 720
(gasoline)  (gasoline)
Range 455 210 240



The unpleasant surprise which the T-34 held for the
German Wehrmacht could have been minimized to a
certain extent. The fact that the Russians were in pos-
session of a significantly better combat vehicle in 1941 was
made known under circumstances referenced in
Guderian’s “Erinnerung eines Soldaten’’ (published in
English as ‘““Panzer Leader’’). In one passage he mentions,
... I'was quite startled, however, by an unusual event in
connection with the tank in question. In the spring of
1941 Hitler had given his express permission that a
Russian officer’s commission be permitted to visit our
tank training schools and armor production facilities, and
had ordered that the Russians be allowed to see everything.
During this visit, the Russians, when shown our Panzer
IV, simply refused to believe that this vehicle was our
heaviest tank. They repeatedly claimed that we were
keeping our newest design from them, which Hitler had
promised to demonstrate. The commission’s insistence
was so great that our manufacturers and officials in the
Watfenamt finally concluded that the Russians had
heavier and better types than we did. The T-34 which
appeared on our front lines at the end of July 1941 revealed
the new Russian design to us . . .”

All further developments were halted on the new
designs for vehicles in the 30 metric ton class (VK 3001). At
this time, Maschinenfabrik Augsburg-Ntirnberg was at

work on the VK 2001 and VK 2401 design studies as a.

preliminary design stage for the VK 3001. There had
already been a contract awarded for a mild steel hull on the
VK 3001. Of those companies working on the 30 ton
project, Henschel and Porsche switched over to the

The Ruscle shown here had fallen into German hands.
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development of a 36 ton and 45 ton design, respectively.
The latter design would allow the acceptance of an 88 mm
gun 1n the turret, and in doing so secure an advantage in
terms ot tirepower.

On 18 July 1941 the firm of Rheinmetall-Borsig in
Disseldorf received a contract for the development of a
tank gun with an armor penetrating power of 140 mm at
1000 meters. At the same time Rheinmetall was also given
the task of designing the tank turret for the VK 8002, in
which this gun was to be mounted and which later
resulted in the Panther turret. A barrel with a caliber of 75
mm and a caliber length of /60 was tested in early 1942
with performance figures nearly matching those of the
requirements. This resulted in a 75 mm gun with a caliber
length of L./70 planned for initial deliveries beginning in
June of 1942. After thorough testing, the 75mm Kampf-
wagenkanone (Kwk) 42 L/70 was put into mass pro-
duction. In addition to the VK 3002 turret, this gun was
also planned for installation in Henschel’s VK 3601 and
VK 4501 turrets.

The request by the OKH/AHA/Ag K/In 6 for the
development of the VK 3002 body resulted in a contract
being awarded on 25 November 1941 by the Heeres-
waftfenamt to two companies: Daimler-Benz (DB) AG in
Berlin Marienfelde and Maschinenfabrik Augsburg-
Nurnberg (MAN) AG in Nuremberg. The following
criteria were specified for the new vehicle:

Maximum width 3150 mm, maximum height 2990 mm,
ground clearance minimum of 500 mm. Engine perfor-
mance was anticipated at 650-700 metric hp. An adequate
cooling system was required to withstand external

Reichsminister fiir Riistung und Kriegsproduktion Albert Speer and
Oberst Dipl.-Ing. Willi Esser, director of the Heeresversuchsstelle fiir
Panzer und Motorisierung, seen inspecting a T-34.




temperatures of up to +42 degrees Celsius. Frontal armor
was proscribed at 60 mm thickness with a 35 degree slope,

while the side armor was to be 40 mm thick with a 50

degree slope. The armor protection was to be sloped over
the entire vehicle. 16 mm sheet steel was considered
acceptable for the floor and top of the hull. The vehicle
was to have a climbing capability of up to 35 degrees and a
vertical step capability of 800 mm. At a combat weight of
35 tons, the vehicle was expected to reach a speed of 4
km/h in the lowest gear and a top speed of 55 km/h. This
corresponded to a maximum ratio of 13.75. The vehicle’s
operating endurance was mandated at 5 hours with a full
load.

In view of the project’s importance, discussions were
held on 8 December 1941 concerning the expansion of the
manufacturing facilities of MAN. The OKH insisted that
the new manufacturing plant be built on soil owned by
the OKH, and R6thenbach/Feucht on the Schwarzach (in
Upper Franconia) was selected as the site. Construction of
the facilities was to be undertaken by a company as yet to
be established. MAN was to put up an initial investment
of 50,000 Reichsmarks (RM). Operating capital was
foreseen as 6 million RM with a yearly production
expected to be 1200 combat vehicles. Atanaverage cost per
vehicle of RM 65,000, the plant would take in about 80
million RM.

Various names were suggested for the plant, ranging
from a mythical figure from German legend to an
honored MAN worker. References to its geographical
location, such as ‘““‘Schwarzach Werk GmbH"’, were also
considered. But the name finally agreed upon was
“Frankische Fahrzeugwerke’’ (FFW); its first construction
phase was anticipated at 57,750 square meters, costing
57.4 million RM. The monthly vehicle output would later
be raised to 150 Panthers. Even though 4 million RM had
already been spent for construction, all further building
efforts at the Réthenbach site came to a standstill in July
of 1942. '

A meeting in the Heereswaffenamt on January 22nd
1942 resulted in the combat weight of the Panther being
raised from its original 32.5 tons to approximately 36 tons,
primarily due to changes in the construction data. A
model of the new tank design was built for the Heeres-
waffenamt. At the same time, a model of the Daimler-Benz
design was also displayed. The pleasing lines of the
Daimler-Benz vehicle exhibited a rear drive, a diesel
engine, a leaf spring running gear and a tapered forward
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hull. In order to better study the problems of a rear drive
arrangement, Daimler-Benz did preliminary studies on its
previously built VK 2001 (DB) using a regenerative
differential steering which, through reversing the bevel
gear, changed the direction of track movement. The
hydraulic steering made remote operation feasible; it also
initiated design studies exploring the possibility of
moving the driver’s seat into the turret. On 2 February
1942 Daimler-Benz received approval to submitits designs
(withoutchanges) as suitable for mass production vehicles.
The first VK 3002 (DB) was to be delivered by May 1942.
MAN also worked to have its first prototype ready by this
time. It would have an internal combustion engine and
front drive; initially, the L. 600 C differential steering
mechanism of the Tiger tank would be installed.

In the meantime, the Maschinenfabrik Augsburg-
Niirnberg had made recommendations, accepted by the
Heereswaffenamt, for the simplification of construction.
Once the new form-designed steering unit had been found
acceptable, the MAN solution could also be produced
with a sloping forward hull. As a result, the new steering

- mechanism was to be made available no later than August

of 1942.

A merger of the MAN design with that of Daimler-Benz
was not deemed necessary, thereby dispelling the need for
incorporating the Daimler-Benz diesel engine into the
MAN design. MAN already possessed experience in the
area of tank engine construction, having been awarded a
contract by the Heereswaffenamt in 1936 for the develop-
ment of an 8 cylinder diesel engine for cargo trucks.
Following a few changes to this design, the 1038 G1 diesel
engine was born, which provided 180 hp at 2500 rpms.
One of the two test engines was installed in a Panzer-
kampfwagen LaS 138 and thoroughly evaluated by the
Verskraft Kummersdorf. However, neither this nor the
improved 1038 GL2 was pursued further.

In 1941 MAN, in cooperation with Argus-Motoren-
GmbH Berlin, was awarded a contract to develop an air-
cooled diesel engine for tanks. Its design was to feature 16
cylinders, type LD 220 4 cycle air-cooled diesel engine
“H”’ type, 135 x 165mm bore and stroke, a displacement of
37.8 liters, and delivering 700 hp at 2200 rpfns. Two
single-cylinder engines from Argusand MAN (Augsburg)
were used for testing. Trials using a full-size engine began
in 1944 in Berlin and Nuremberg, but due to the war’s end
the evaluations were never completed.




T-34 (Russian) tank

VK 3002 (DB) tank
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MAN was authorized to provide a liquid-cooled 650 hp
diesel engine from its Augsburg factory for the Panther. A
1940 design contract from the Heereswaffenamt was used,
which called for a two-stroke, 8 cylinder V-form. At 2000
rpms it was to provide 450 hp; later this requirement was
increased to 6560 hp. Oberst Fichtner, of the Heeres-
waffenamt/Wa Pruf 6, took this into consideration and
recommended the performance be boosted to 700 hp if at
all possible. According to data from the MAN Augsburg
Werke, the first engine was expected to run in September
1942, with full production beginning a year later. Trials
were only completed using a two-cylinder design; the
work on the actual engine was never finished. The engine

Historical development of engine compartment dimensions for
German tanks 1935-1942 (Maybach).
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lost the interest of the developers, primarily since 1t was
too long, too large and too heavy to be installed in the tank
for which it was intended.

On the instructions of the Heereswaffenamt, the
Maybach Motorenwerke in Friedrichshaten had begun
development in June of 1941 on a small and lightweight
12-cylinder engine which was expected to produce 650 to
700 hp at a normal rate of 3000 rpm. In February 1942,
eight months after the first pencil was laid to paper, the
firstindividually built type HL. 210 engines were delivered
to Henschel and MAN. Beginning 1n 1943 1ts successor,
the Type HL 230, was being produced at a rate of one
engine every 25 minutes, up to 1000 engines per month. By
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[ypenbeschrankung
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Reduction in
German tank
engine types, as
proposed by
Mavybach.



the end of the war Maybach had produced 140,000 engines
with a combined total of 40 million metric horsepower,
and had delivered over 30,000 semi-automatic trans-
missions to the German Wehrmacht. Maybach was
responsible for all the mechanical equipment of the tank
up to the engine firewall, including among other things
the dimensioning and manufacture of the cooling system,
the design of the entire engine compartment, the air
filtration system and for the startup equipment at low
temperatures. On 3 February 1942 the Heereswaffenamtin
Berlin finally established the technical requirements for

* Under the technical direction of Ing. Paul Max Wiebicke, born on 11
April 1886 in Chemnitz. From 1916 at MAN, Augsburg as engine
designer. From 1936 technical director and responsible administrator for
total vehicle development. Died on 8 March 1951 in Nuremberg.

Discussions at Maybach Motorenbau GmbH led to this study of the

armor protection and running gear layout as it related to the engine
length.
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Umpanzerung
und Laufwerk

auf Motorldnge bezogen

Tl AT,

{ Motoren geringerer Abmessungen sparen an Gewicht fur
" Umpanzerung und Laufwerk zu Gunsten grofierer Waffe
oder besserer Panzerung.

Motoren grofferer Abmessungen bedingen eine Gewichts-
erhohung fur Umpanzerung und Laufwerk, was entweder
eine Verringerung des Kampfwertes [ schwdchere Waffe |
bzw. dunnere Panzerung zur Folge hat, oder schwerere

Fahrzeuge mit wiederum grofSerer Antriebsleistung er-
fordert.

Groffenordnung: Das Gewicht je laufenden Millimeter []
Umpanzerung mit anteiligem Laufwerk betrigt bef den
Kampfwagen je nach Stdrke der Panzerung 2 bis 10 kg.

Man stelle sich vor:

2000 bis 10000 kg je laufenden Meter!

the Panther. Within 17 days MAN* had succeeded in
clarifying all major points of the design. It was also able to
obtain sufficient information on the vehicle’s dimensions
to make a determination as to the tooling machinery and
manufacturing facilities which would be required.

Based on Speer’s recommendations, on 6 March 1942
Hitler ordered that the necessary measures be directed
towards mass production of the Daimler-Benz Kampt-
panzer VK 3002 and to provide this company with a
contract for the completion of 200 vehicles.

Hitler expected a complete report within a week and felt
that the Panther design of Daimler-Benz, with 1ts diesel
engine, would prove to be superior to the internal
combustion powered MAN design. He telt that Daimler-
Benz would have the advantage in nearly all cases when
comparing the design differences ot the two types.
However, the Heereswaffenamt tavored the Panther design
of the MAN company.

The design drawings for both projects were available by
the beginning of May 1942. A Panther commaittee was
established to evaluate these designs under the supervision
of Oberst Thomale OKH/In 6 (Inspektion der Panzer-
truppen) and Professor Dr.-Ing. Eberan von Eberhorst,
Technische Hochschule Dresden. Militarily, there were
two basic prerequisites in the comparison of the two
proposals:

a) The troops required a large number of this type of
combat vehicle with effective armament no later than the
summer of 1943. The initiation of mass production 1in
December 1942 was therefore the first requirement. The
committee felt that this requirement outweighed all
others.

b)Furthermore, the troops needed weapons of superior

Dain_ﬂer-llent developed the VK 3002 to meet the Panther
specifications. The photograph shows one of the prototypes with a

return roller running gear. The similarity in shape to the T-34 is
obvious.
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quality to counter the numerical material superiority of
the enemy. In order to ensure that this requirement would
be met, greater emphasis would have to be placed on the
workmanship, rather than the most primitive solution in
attaining the maximum technical performance.

Both designs fulfilled the purely tactical requirements for
maneuverability, including a high combat radius with 40
km/h cruising speed on paved roads and a maximum
speed of 55 km/h. The planned performance ratio of 22 hp
per metric ton was not achieved by either design. The
manufacturing industry would have to create an engine of
greater performance, one whose installed volume and
dimensions would permit it to be mounted in the Panther.

The MAN Panther would hold 750 liters of fuel,
whereas the Daimler-Benz design could only carry 550
liters. The longer range gave the MAN Panther a signifi-
cant advantage.

Both solutions made use of the same gun and permitted
the same number of rounds to be carried. However,
Daimler-Benz was notable to produce its turret in time for
the deadline. In addition, its turret design required a
major modification to the planned gun. The optics and
machine gun mountings on the Daimler-Benz solution
were more prone to shell damage than the Rheinmetall
turret of the MAN Panther. The value of the attractive
shape of the Daimler-Benz turret was called into question
due to the fact that the diameter inside the turret was 50
mm less. This, along with other ambiguities forced the
Daimler-Benz turret to be rejected. Since the Rheinmetall
turret could not be mounted, it turned out that there was
no acceptable turret available for the Daimler-Benz design.

Both designs met the proscribed requirements in regard
to armor and surface angles. The external shape of both
designs were of generally the same effectiveness. The
Daimler-Benz proposal provided a greater amount of
spatial comfort for the seated driver and radio operator;
this was due to the use of the available rear drive, whereas
MAN opted for a front drive design. However, Daimler-
Benz had mounted the leaf spring suspension for the
running gear externally, making the hull 100 mm nar-
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rower and reducing the diameter of the turret by 50 mm. In
comparing the two designs, a debate over the advantages
of a front drive vis-a-vis a rear drive was moot; time
constraints required that only one design — as submitted
— would be accepted. In four campaigns neither friendly
nor enemy tank operations revealed any significant
advantages/disadvantages to either type of drive which
would cause a change in the currently accepted frontdrive
construction. The tank’s sole mission was to destroy the
enemy. This i1t did with its weapons, not with the chassis.
As a result, the function of the chassis was to support the
role of the weapon in destroying the enemy.

Without a doubt, this function was best fulfilled by
MAN’s double torsion bar suspension system, developed
by Dr.-Ing. Lehr. There was concern that there wasn'’t
enough experience with this type of suspension, that there
would be difficulties in replacing damaged or broken
torsion bars, and that the manufacturing of such a system
would require higher production costs. However, these
concerns were outweighed by the tactical advantage of
using the tank’s weapons in a way which had hitherto not
been possible. These concerns were overcome more easily
once test vehicles and techniques had been developed
which offered a maximum amount of reliability. Further-
more, there had been significant progress made in regards
to the manufacture, material processing and annealing of
torsion bars in comparison with the leaf spring design.
The load placed on the torsion bars had been kept to a
minimum by bump stops on each of three road wheel
arms, thereby reducing the danger of breakage. The troops
had also learned the proper way of handling and
maintaining the torsion bars. In these circumstances there
was the responsibility of ensuring that the superior
weapon — with the potential of playing such a decisive
role — which was provided to the soldier by the technician
would hold up in combat. This concept clearly resulted in
the valuable superiority of the German tank.

In all situations, the soldier expected an easily service-
able and reliable transmission. Neither of the designs
submitted fulfilled these requirements completely.



In order to preclude any setbacks a ZF all synchro-mesh
gearbox was mounted, and initially a clutch-and-brake
steering was 1nstalled in the soon-to-be completed design.
Although this transmission was not the ideal solution, it
did provide the troops with a proven and familiar system.
The two companies involved in the development of the
tank were therefore able to buy the time needed to perfect
their respective steering designs for installation in the
vehicle in place of the original, temporary arrangement.
The amphibious qualities of the MAN design were
significantly better than those of the Daimler-Benz. In
comparison with the Daimler-Benz, its advantages were:
— immediate and unlimited amphibious operation
— dispensing of the necessity for operating air valves
when traversing from land to water and vice versa.
— unlimited submersion time
— no loss of firing capability by the installation of the
amphibious equipment

The MAN design provided for a much easier recovery of
wounded personnel from the vehicle by means of hatches
located immediately above the driver and radio operator
positions.

With regards to maintenance and repair, the leaf spring
design of the Daimler-Benz running gear enjoyed the
following advantages:

— similar running gear design was already familiar to the
troops

— the springs were easily replaced and maintained

— all work on the running gear could be performed

outside the immediate area of the battlefield in restrictive
work conditions

However, as opposed to a torsion bar suspension, re-
placing a center leaf spring required that all road wheels
beremoved. The troops still had no experience whatsoever
with MAN’s double torsion bar suspension system. It
possessed no type of internal shock absorption and
required a particularly careful touch during installation
and removal. This proved to be a more difficult task than
with the leaf spring design. Nevertheless, the double
torsion bar suspension was conditionally acceptable for
field operations if:

— torsion bar breakage was kept to a minimum

— the time required for torsion bar replacement was kept
to an acceptable level

Both designs called for the installation of the 700 hp
Maybach HL 230 engine. The engine performance met
the requirements of the construction directives requiring
a pertormance/weight ratio of 20 hp per metric ton, but
did not meet the latest troop requirements of at least 22
hp/ton.

According to data from Maybach, the gasoline engine
planned by MAN provided more favorable engine torque
than previous Maybach engines, even at lower rpms.

Daimler-Benz mounted a radiator laterally on both the
right and left side and drew the cooling air in behind the
radiators and over the engine, exposing the engine to dust
as with earlier designs.

Alternately, MAN arranged two vertically positioned
radiators on each side of the engine in a special waterproof
compartment which was completely blocked off from the
engine itself, including the fans. The MAN design was
therefore superior with regards to engine grime and
submersibility. MAN dispensed with a V-beltdrive for the
fans through the use of bevel gears in conjunction with
drive shafts. Daimler-Benz chose to drive one fan directly
and the other with three V-belts.

Neither an internal combustion nor a diesel-powered

" air-cooled engine was available in sufficient quantities at
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the time. The rear drive of Daimler-Benzrequired a lateral
arrangement of the gearbox next to the engine, which
made a spur gear necessary. The hydraulically-operated
main clutch was located between the spur gear and the
gearbox.

The gearbox was a development of Daimler-Benz in
conjunction with the firm of Ortlinghaus and utilized a
hydraulic multiple disk clutch to transfer the driving
power. Although this type of gear system made smooth
shifting possible — even in rapid succession — and its
operation appeared to be quite simple, an immediate
introduction onto the assembly line was not yet possible.
There was simply no experience with its suitability in
vehicle operations (with the exception of small switcher

diesel locomotives). A further disadvantage was its overall
length.



The development of this type of transmission system
would be pursued further. It was certainly possible in
terms of space to install the ZF synchro-mesh gearbox, but
a modification of the complete transmission system up to
the drive sprocket would be required due to the distance
involved. As with MAN, Daimler-Benz was therefore also
required to make use of a two-stage reduction in the final
drive.

The shifting of the rear-mounted gear unit required an
elaborate system of transmission linkage rods, which was
rejected in view of its lack of simple operation and the
general design approach. Based on its simple design, the
synchro-mesh gearbox was accepted in spite of the fact
that certain technical disadvantages accompanied the
installation of this type of gearbox in such a heavy vehicle
with its naturally high rolling resistance. Due to their
unproven stability the introduction of the Maybach-
OLVAR gearbox, the electromagnetic ZF drive or the
pulse type gearbox was still considered to be premature at
this time. However, in order to facilitate driver training
and ease the burden on the driver it was necessary to
accelerate the testing of such transmissions prior to
adopting them. The complete inter-changeability of the
gearbox would be a prerequisite, which according to
MAN sources had already occurred with the Maybach-
OLVAR gearbox then being used in the Tiger tank.

Thedesigns of both firms envisaged a clutch-and-brake
steering. Daimler-Benz promoted a hydraulic multi-plate
clutch whereas MAN'’s offering was a single-plate dry
clutch.

TRegarding the steering brakes, there had been no
experience with armored vehicles of this size and required
maximum speed. It was, however, known from experience
with vehicles of similar size (but slower speeds) that the
brake wear and the strength required of the driver were
both extraordinarily great. The parts which were subject
to wear would have to be of generous size, easily replaced
and able to cool quickly. Brake adjustment would have to
be accomplished without leaving the vehicle and with
simple tools. MAN’s planned solid-disk brake was con-
sidered by the Panther Kommission as inadequate for a
friction brake at that time due to thermal reasons. The
controlled differential regenerative steering, intended by
MAN as a further improvement, was generally felt to be
more advantageous since it required less strength to
operate, caused less loss of control and none of its parts
appeared to be subject to a high degree of wear. In order
for the tank to be able to pivot while at a stop, the
commission additionally required corresponding brake
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steering. A regenerative controlled steering unit (with two
radii of turn in each gear) had been developed for the
Tiger tank and had demonstrated its effectiveness without
any major teething troubles. However, the ma nufacturing
industry maintained that the machinery for gear pro-
duction — primarily those necessary for the internal teeth
gearing — were notavailable for large-scale production of
the Panther tank and could not be obtained in sufficient
quantities. As an interim measure a clutch-and-brake
steering mechanism was considered acceptable. Develop-
ment and testing of the controlled differential steering
mechanism would have to be accelerated in light of the
advantages it offered. The MAN design already provided
for the possibility of its installation.

Both designs took into consideration the cruising and
maximum proscribed speeds and offered interleaved
suspensions with eight road wheels on each side. Both
proposals bordered on the maximum permissible road
wheel load, yet damage to the road wheel rubber proved to
be much less than feared initially. The speeds which the
design called for, coupled with the weight of the vehicle,
simply left no other option for a running gear arrange-
ment. MAN had mounted independently supported bogie
wheels on the swing arms while Daimler-Benz fixed the
road wheels in pairs to counterbalances which pivoted on
rocker arms. MAN’s road wheels were cushioned indi-
vidually by a double torsion bar spring. Daimler-Benz
envisioned a pivoting short leaf spring for the front and
rear road wheel pairs. Support for the two middle pairs
was achieved by a long leaf spring.

In spite of having the same vehicle width, Daimler-Benz
had a hull 100mm and tracks 120mm narrower as a result
of the externally-mounted leaf spring design and its
counterbalance arms. The arrangement of the Daimler-
Benz running gear resulted in a higher specific ground
pressure. It amounted to 0.83 bar as opposed to 0.68 bar of

the MAN vehicle, which was closer to the 0.66 bar of the
Russian T-34.

* The ingenious idea of using an interleaved running gear, which was
also in use for all German armored half-tracks, stemmed from Mini-
sterialrat Dipl.-Ing. Kniepkamp of the Heereswaffenamt/WaPriif 6.
With the given track-on-ground length, there was as much road wheel

rubberlaid to the track as corresponded to the rubber’s low compression
potential of the time.



The non-cushioned torsion bar suspension of MAN
necessitated the use of shock absorbers which were
mounted on the swing arms inside the tank hull of the
second and second from last road wheels. It was planned
to utilize the HT 90 shock absorbers of the Hemscheidt
firm, which had already demonstrated their functionality
with the Tiger tank.

Since the HT 90 shock absorber as mounted in the
Panther was only under half the stress as the smaller
Hemscheidt shock absorber of the Panzer III — thanks to
the reduced natural pitching frequency due to the double
torsion suspension — it was considered that itsinstallation
in the tank’s interior would produce favorable results.

The most significant advantage of MAN’s double
torsion bar suspension was its large travel stroke (510 mm)
with minimal stress being placed on the suspension
system 1tself. After the endurance trials conducted by
MAN 1t was found that the stress in operation (+/-16
kg/mm2 =+/-160 N/mm2) was lower than the anticipated
permissible fatigue limit of +/-20 to 22 kg/mm2 (200 to
220 N/mm2) which had been derived through either
surface pressurization finishing or bombarding the torsion
bar surface with steel shot. The elasticity of the double
torsion bars enabled unusually low natural frequencies of
the vehicle in bump and rebound undulations.

The spring resilience made possible a higher cross-
country speed by offering a greater capability for target
tracking and by tiring the crew to a lesser degree. The
more cushioned suspension also reduced the wear upon
the tire rubber and the shock absorbers as well as lessening
the stress on the entire running gear.

The torsion bars’ potential for breakage was kept to a
minimum by a deflection limiter/bump stop on the first,
second and seventh road wheel arm. The resilience of
suspension, which could play a decisive role in a vehicle’s
combat effectiveness, was not available in the leaf spring
running gear of the Daimler-Benz proposal. The more
advanced double torsion bar suspension was therefore
given priority, even though certain maintenance dif-
ficulties would have to be taken into account.

Daimler-Benz incorporated amphibious features into
its vehicle by not only sealing all hatches and covers, but
also closing off the air inlets and outlets to the engine
compartment from outside of the vehicle by means of
valves. After the water obstacle had been crossed, these
valves could then be reopened from inside the tank. This
meant that the engine was not cooled during amphibious
operations. Trials in the field showed that in this con-
dition engine damage set in after only ten minutes’ travel
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time.

As opposed to the Daimler-Benz vehicle, the radiators
and airflow of the MAN tank were not sealed off. Just
prior to beginning submersed operations, the fan drive is
shut down from the driver’s seat, thus ensuring that
normal cooling occurs until actually entering the water.
During submerged operations water is circulated around
the radiators, enabling underwater travel of unlimited
duration. This flooding of the cooling apparatus required
that the MAN design be impervious to sea water.

The center of gravity was directly above the center of the
track supports on the Daimler-Benz proposal, whereas
MAN'’s design had moved it 120mm behind the center.
Daimler-Benz offered a greater overlapping of its road
wheels than did MAN. For reasons of weight conservation,
studies would be conducted to determine whether MAN
could also produce its vehicle with the same amount of
overlap as Daimler-Benz.

The five-hour operational capability at full combat
weight proscribed in the construction directives mandated
an hourly fuel consumption rate of 240 liters. Since the 30
km/h average speed did not require full engine power,
however, calculations based on experience data of the
Kraftfahrtversuchsstelle Kummersdorf were taken as the
new basis. Namely, these were 8 liters per vehicle ton per
100 km (81/t 100 km) during road traveland 111/t 100 km
for traversing moderate terrain using gasoline fuel with
an octane rating of 74. The varied fuel capacity of the two
proposals — MAN = 750 liters, Daimler-Benz = 550 liters
— resulted 1in the following statistics:

MAN Daimler-Benz
on road surfaces 270 km 195 km
on terrain 195 km 140 km



Advantages of the front and rear drive systems were
determined to be as follows:
1) MAN front drive
— direct operation of the gearbox
— direct operation of the steering unit
— adjustment of the steering brakes possible without
leaving the vehicle
— horizontal entry hatch considered more favorable
— better self-cleaning tracks (front drive was actually
found to be more effective in mud and slush for cleaning
the open link tracks of the time as the drive sprocket
meshed with the track.)

2) Daimler-Benz rear drive

— elimination of heat, noise and odor in the fighting
compartment caused by the transmission as well as the
braking mechanism

— unrestricted seating room for the driver and radio
operator

— more efficient use of space in fighting compartment
— lower overall vehicle height

When determining the fighting compartment area MAN
did not figure in the space required for the torsion
suspension which occupied the entire length and width of
the vehicle. Furthermore, a cylindrical housing of the
same diameter as the steering brakes was also not cal-
culated. Then there was the space necessary for the drive
and transmission systems as well as the area for the drive
shaft tunnel (having a cross section of 250mm x 250mm)
running the entire length from the transmission to the
engine bulkhead. The revolving floor beneath the turret
was situated above the drive shaft and the turret drive.
These features necessitated the large height of the Panther
tank. In addition, the driver’s seat could not be positioned
between the torsion bars.

Daimler-Benz did not make any subtractions; the entire
interior hull space in front of the engine bulkhead was
calculated as total area for the fighting compartment.

The MAN proposal had 7.26 square meters of fighting
compartment area available, whereas the Daimler-Benz
solution offered 6.43 square meters. The Daimler-Benz
design had a 52 mm lower hull heightand a 195 mm lower
total height.

With regards to production requirements in terms of
hours needed, it turned out that the Daimler-Benz chassis
required approximately the same amount ot production
time as the MAN version in its simplified form as
currently submitted. This was explained by the fact that

the firm of MAN had made constructive simplifications
such as replacing the regenerative controlled differential
discontinuous steering with a clutch-and-brake steering
and the planetary type reduction gear in the final drive
with a two stage spur wheel gear. Daimler-Benz, however,
had switched from its simple support roller running gear
with steel road wheels to an interleaved suspension in
order to meet the speed requirements. It was generally felt
that the machinery then being used in manufacturing the
Panzer III would, with a limited expansion program, be
adequate for the simplified design of MAN as well as for
the Daimler-Benz Panther. Turning machines would
have to be supplied to a few companies in order to produce
the turret opening in the vehicle hull. A special type of
hull drill press for manufacturing the hull of the MAN
vehicle was designed by MAN; ten of these would be made
available.

Neither design, with their clutch-and-brake steering
and interleaved running gear enjoyed a particular advan-
tage in terms of production engineering and supply. For
comparison purposes the production time of the Daimler-
Benz chassis was 1063 working hours and that of MAN

- 1078.5.
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On 11 May 1942 the committee evaluating the Panther
tank, which had been meeting in the OKH Berlin,
Bendlerstrasse building, gave its selection decision to the
chairman of the Tank Commission, Professor Dr.-Ing.
h.c. F. Porsche with the following words: ‘“The committee
evaluating the designs for the Panther tank as submitted
by the firms Daimler-Benz AG and Maschinenfabrik
Augsburg-Ntuirnberg AG (MAN), following the meetings
of 1, 5, 6, and 7 May, unanimously favors the proposal of
the firm of MAN in the version of an 8 roller interleaved
running gear and double torsion bar suspension, ZF all
synchro-mesh gearbox and clutch-and-brake steering, and
recommends that the Panzertruppe be equipped with the
selected tank.”

This recommendation was presented to Hitler on 13
May 1942 and thoroughly discussed. Hitler felt that the
armor was too weak and considered that the rear drive of
the Daimler-Benz version was the best. He realized,
however, that quick production could be decisive and that
under no circumstances could two different types be
successfully produced side by side. He agreed to study the
recommendation overnight and relay his decision the next
day through his adjutant Major Engel. On 14 May 1942,
Major Engel reported that Hitler was in agreement with
the recommendation and the MAN Panther would be
built. The company was, however, to give heed to the



suggestions of Professor Dr.-Ing Porsche. He had recom-

mended that the possibility be explored of installing a

Kolben-Danek steering unit, similar to that of the Pzkpfw

38 (t). In addition the glacis plate was to be 80 mm thick.
As early as 4 May 1942 a conference had been held at

MAN regarding the production of the Panther (VK 3002),

which resulted in the following basic data:

— internal combustion engine, Maybach HL 210/230,

approx. 600 metric hp

— Maybach OLVAR gear drive 06401216 (as on the Tiger

tank)

— fuel capacity approx. 700 liters

— spur gear side transmission doubly geared down, with
sprockets of module 9 and 11.

The middle tooth group was not required to be ground
since 1t made no contact.

— combat weight of 35 metric tons

— total vehicle length with gun of 8625 mm

— total chassis length of 6839 mm

— total chassis width of 3270 mm

— height of hull at 1314 mm

— maximum speed of 55 km/h

The hinged tracks consisted of 86 links. According to
MAN, the width of the tank would not prevent its
transport by the Deutsche Reichsbahn.

At this time, it was still not certain what steering type
would be utilized, butit was assumed that a simple clutch-
and-brake steering unit would be installed initially, since
the companies making the vehicle’s components did not
have the proper gear cutting machines needed to produce
a controlled differential steering unit (29 gear wheels per
unit). There was an acute shortage of slotting machines
necessary for the internal serration of the hollow gear. The
housing was to be manufactured of cast steel with a
strength of 60 kg/mm. Shrink holes which appeared
might be welded over on the condition that the housing be
annealed following the welding. In a conference with the
Reichsminister fiir Ristung und Kriegsproduktion

* At several points in this book it is mentioned that Hitler made many
fundamental decisions himself which had a major effect in the area of
tank development and production. In this he was decisively influenced
in many cases by Hauptdienstleiter (Staatssekretir) Dipl.-Ing. Karl Otto
Saur (1902-1966), director of the Technisches Amt in the Reichs-
ministerium fiir Riistung und Kriegsproduktion. Saur, who until 1937
had been with the Thyssen company, was responsible under Speer for
the development and production program. He enjoyed the complete
trust of Hitler and Speerand wasappointed by Hitleras Speer’s successor
in April of 1945. Saur set himself at odds with the industry and the
Heereswaffenamt with his push for an increase in war production. His
understanding for thorough testing of newly developed equipment and
theirdurability was somewhat lacking. Material quality and replacement
parts took second place. Nevertheless, the growth in tank production
during the war's final years without a doubt was to his credit.
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(Armament and War Production) on the 19th of May 1942
it was agreed that the majority of machinery materials for
the Panther would be acquired in France. Development
work on the Panther of Daimler-Benz was halted. The two
diesel engine prototypes under construction would be
completed tor study purposes; one of them would be
constructed with support rollers. At the same time,
Daimler-Benz was to use all available resources in rapidly
gearing up for productionof the MAN design. MAN,
Nuremberg, and Daimler-Benz, Berlin-Marienfelde, were
to begin production that very year on the MAN Panther.
The firms of Maschinenfabrik Niedersachsen-Hannover
(MNH)and Henschel, Kassel, were to plan for production
beginning in July 1943 in the following quantities: July
— 1, August — 3, September — 5, October — 10, and
November — 15; thereafter monthly production was set at
50 tanks. According to rough estimates the labor hour
relation in comparison to the Panzer III stood at ap-
proximately 1 to 1.25, 1.e. 4 Panther vehicles for every 5
Panzer III tanks built. Cost (without weaponry) PzKpfw
IIT RM 96,163.00; Panther RM 117,100.00.

There was little satisfaction on June 4th, 1942 in the
Reichsministerium fiir Riistung und Kriegsproduktion
with regards to the planned production run of the
Panther. It was necessary to ensure that by 12 May 1943
there would be at least 250 Panthers available. Hitler
expressed his doubts that even the thicker 80 mm frontal
armor would be adequate for the spring of 1943 and
demanded that at least all vertical front surfaces be
protected by 100 mm thick armor plating.

On 13 June 1942 Henschel was assigned the task of
setting up production of 70 Panthers per month —
without affecting the output of the Panzer III then being
manufactured.

A study was begun on June 18th 1942 to determine
whether 254 Panthers could actually be produced by April
of 1943. Daimler-Benz, Berlin-Marienfelde, was expected
to have an output of 91 vehicles, Henschel, Kassel 36,
MNH, Hannover 61, and MAN, Nuremberg 84 vehicles.
MAN requested the transfer of a facility of the Stideisen
firm 1n Nuremberg for production of the Panther. The
Panther manufacturers recommended a consolidation of
the steering mechanism production. MAN had contracted
out the standard parts for 2000 vehicles, with further
contracts planned for 1000 and 1500 respectively. The
companies wanted to reserve the initial vehicles for testing
and as models, a request which was denied. The test
vehicles anticipated for August and September 1942
would be immediately needed for testing at the Verskraft



in Kummersdorf and at MAN’s development branch. The suggestion was made to equip at least 250 vehicles

Panther production was placed in the same category of with the MAN clutch-and-brake steering unit until pro-
urgency as oil and locomotive production programs. duction of the single-radius epicyclic steering was assured.
Demands were placed upon Henschel to step up its Henschel confirmed on 20 June 1942 that it would be able
operations to where one vehicle would be completed by to deliver 26 tanks by the end of April 1943, but indicated
January 1943, five in February, in March 10 and in April that this would mean a drop in Panzer III production by
1943 20 vehicles would be delivered. Greater pressure was approximately 100 vehicles. Henschel’s recommendation
brought to bear on all the firms involved in order to was based on an increase in Tiger production to 50 tanks
unconditionally meet the demands of Hitler. MAN per month, which would lower Panzer III output by only
devoted 1ts efforts to having the first test vehicle ready by 75 vehicles. Due to the narrow confines in the Kassel-
August 1942 and begin mass production in November. Mittelfeld plant, it was not possible to meet both Tiger
Henschel felt that its Panther contract for 200 vehicles was and Panther production schedules at the same time.
too low and requested an increase to 1000 Panthers. A Henschel stated that it would be impossible to continue
reduction in Panzer III production was seen as un- further manufacture of Panthers withoutfirst terminating
avoidable. Panzer III production.
The following delivery schedule was formulated: The elevation and traverse controls for the weapons
systems were to be manufactured by the Lohmann Werke’'s
Company Nov.42 Dec.42 Jan.43  Feb.43 Mard3  Apr.43 branch at Pabianice near Litzmannstadt. On July 7th,
1942 a contract was awarded to produce 150 pieces
MAN 1 3 10 20 25 ¢
Daimler-Benz : 1 10 20 30 30 monthly.
MNH $ ; 1 10 20 30 On 2 July 1942 the chairman of the Panzerkommuission,
Henschel : ? 1 4 9 12 Professor Dr.-Ing. h.c. Porsche made the announcement
Total I 4 2 s4 84 T A at the commission’s meeting that Hitler had once again
demanded that development of air-cooled diesel engines
for all types of army vehicles be given top priority. Their
introduction was to begin by 1943. The firms of Daimler-
Benz, Kl6ckner-Humboldt-Deutz, Krupp, Maybach, Oster-
reichische.
- et 40

: s ¥ ¥ o
[l 72 “J-’H—EP

Ak E-3 I s
= 5, J = H ; i - ’
! e N u . L = " i W o B
o <4 M of :ﬁ).-. ¢ iR -
= of - {
d il " =
B w B ) A ] . # g [ ] L i L] J

24



Araichd in Nichierg I

-

PR o S o vt S
D

2.

=]
\ N R NG NG EATINDALRS AN AN oo
O
@raians
71800
Ansichi i Richiung ¥ |
- vy r—e s i 2 R i -
@218 30 8 Anmch in Rchiung X
w7 peairets'
rr"="—“—"=‘—1‘ I
| -

arrserary

02T Bi8 X9

The MAN proposal already showed the form which was carried over to the production vehicle. The arrangement for the external fuel tanks on
the rear of the vehicle is noteworthy, as is the fact that the tank is identified as an Ausfiilhrung A — even though the first production vehicle
carried the designation Ausfiihrung D.

Automobil Fabrik, Opel, Phinomen, Tatra, Sim-
mering, Steyr and Wigru-Fahrzeug-Industrie were tasked
with forming a work committee to share their experience
and 1deas for development in this matter. Oberstleutnant

Holzhéuer was assigned the responsibility of directing the

committee. An overview of the Army’s needs showed eight
air-cooled diesel engines of various sizes:
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E 30 hp Pkw Volkswagen (Kdf Wagen)

- 70-80 hp Lkw 1.5 t, Lkw 3 t, Radschlepper Ost,
Raupenschlepper Ost, kleines Kettenrad

- 110-120 hp Lkw 4.5 t, leichter Panzerspidhwagen,
Zugkraftwagen 1 and 3 t

- 220-240 hp Lkw 6.5 t, schwerer Panzerspihwagen,
Zugkraftwagen 8 t, Panzerkampfwagen

- 280-320 hp Zugkraftwagen 12 and 18 t

- 530-570 hp Panzerkampfwagen

- 700-750 hp Panzerkampfwagen

- 1000-1200 hp Panzerkampfwagen

It was determined that standard cylinder sizes would be
used. The indicated performance figures would be attained
by utulizing a multi-cylinder arrangement (from 4 to 18
cylinders). It was originally planned to select two cylinder
sizes of 1.1 liters and 2.2 liters displacement. In the end,
however, three cylinder sizes were chosen: 0.8 liter, 1.25
Iiters and 2.3 liters displacement. It was expected that the
cylinder of:

— 0.8 liter displacement at n =2800 1 /min would perform
at 13 metric hp

— 1.25 liters displacement at n = 2400 1/min would
perform at 20 hp

— 2.3 liters displacement at n = 2200 1/min would
perform at 30-34 hp, with a supercharger at 40-45 hp.
Trials of a single cylinder test engine were to begin on 15
October 1942. Beginning in March 1943 4 cylinder engines
in the 1.25 liter class — manufactured by Klockner-
Humboldt-Deutz — were subject to stringent tests at the
Verskraft in Kummersdorf-Schiessplatz. Beginning in the
autumn of 1943 4 and 6 cylinder engines were undergoing
driving trials there in transport vehicles. However, it was
still a long road to a multi-cylinder engine for armored
vehicles. In actuality there was still none of this type of
engine available for testing in an armored vehicle, making
mass production as yet unthinkable. On 16 July 1942
Henschel agreed to the following level of production:
December 1942 1, January 1943 5, February 10, March 15
and April 20. In order to avoid the continuing pressure of
the Speer ministry Henschel would attempt to manu-
facture 66 Panthers by April 1943.

In the meeting of the Panzerkommission on 14 July
1942 1t was agreed to install 100 clutch brake steering units
in the Panthers on the condition that by the end of April
1943 all Panthers then produced would be reequipped
with the single-radius epicyclic steering units.

By the 13th of July 1942 approximately 70% of the
necessary parts for 1000 vehicles had been ordered. Bot-
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tlenecks were expected primarily in obtaining the road
wheel arms, which were temporarily being manufactured
by Siepmannwerke, Belecke/Md&hne. The selection of the
steering brake was not expected before 27 July 1942. A
contract was awarded to Adlerwerke, Frankfurt am Main
for 50 OLVAR drives developed by Maybach to be
installed in the Panther. These were to be a test series.
Thus equipped this version of the Panther tank would be
designated Model B. However, these were not installed in
the series production models. In 1942 ZF was able to
deliver 61 AK 7-200 gearboxes for mass production.

The ten 8-pointdrilling machines for hull construction
were built by the companies of Herkules, Siegen and
Berninghaus, Velbert. The first hull drill press was
delivered on 15 September 1942.

On 13 July 19421t was determined that the single-radius
epicyclic steering was to be THE steering mechanism for
series Panthers. Reichsminister Speer had specifically
directed that this drive was to be installed in the initial
production run. The manufacture of 60 clutch-and-brake
units was therefore halted on 14 July 1942. MAN hoped to
conclude trials on the single-radius epicyclic steering by
mi1d-October. This was simplified by limiting testing in
high gear to two turning radii (80 or 115 m) instead of the
three radii (50, 80 or 115 m) which would have provided
the most accurate basis for a decision. It was therefore
planned that two interchangeable gear sets be made for the
first twenty to thirty single-radius steering units. In the
final analysis it was determined that an 80 m radius in
high gear would be the criterion. Around the end of July
1942 there was discussion of making use of the Reichsbahn
repair facility in Berlin-Falkensee for Panther production.
A decision had not yet been reached on whether to turn
overall project planning over to Henschel or the Alt-
markische Kettenwerk GmbH (Alkett).

On 4 August 1942 Maschinenfabrik Augsburg-
Niirnberg made the announcement that it would begin
construction of the first steel hull and requested that the
other manufacturers of the Panther send their foremen
and chief operators to Nuremberg for familiarization with
the project.

Henschel reported on August 7th 1942 that it would
assume production of the single-radius epicyclic steering
unit nr. 48367. Construction would begin on 10 October
1942. It was expected that by 1 January 1943 the monthly
output would be 110 sets.

The Rheinmetall turret for the second test Panther was
not available in time, the turret housing only being
finished on September 16th 1942. Final work on the turret



was completed by Rheinmetall-Dtisseldorf.

On 18 September the announcement was made that 15
Panthers would be placed in a new, special category to
ensure their timely completion (Stage DE (Dringliche
Entwicklung or Urgent Development)). At the end of
September 1942 Panther development ceased in the
Daimler-Benz construction bureau at Berlin-Marienfelde.

The first mild steel hulled Panther chassis (prototype
VK 3002) was delivered by MAN at the end of September
1942. It differed from the later mass-produced tanks in that

the Panther V1 had the shock absorbers mounted on the -

first and eighth road wheel arms.

The 11th meeting of the Panzerkommission took place
on 2 and 3 November 1942 in Eisenach. On the local
training field of Panzer Regiment 2 Eisenach in Berka, an
outpost ot the Verskraft Kummersdorf for rough terrain,
the following vehicles were to be demonstrated:

Two Henschel Tigers (one a standard production
model, the other equipped with an electric ZF gearbox,
type 12E-170, two Porsche Tigers, a MAN Panther (with
turret), a Daimler-Benz Panther, a VK 3601 (Henschel), a
Panzerkampfwagen III (ZW 40) with OLVAR gearbox, a
Zugkraftwagen 1 ton class, a Zugkraftwagen 3 ton class, a
Raupenschlepper Ost, two Radschlepper Ost, a Latil
tractor, two Maultier 2 ton class (Bauart SS), a Maultier 2
ton class (Bauart Opel), a Maultier (Bauart Luftwaffe) an
a 3 ton Lkw Opel A-Type. Also seen on the field were: a
PanzerkampfwagenII (LaS 138) with electric ZF gearbox),
a Panzerkampfwagen III with wide (eastern front) tracks,
a Panzerkampfwagen III with rubber-conserving steel
road wheels, two Panzerkampfwagen III with flame-
throwing equipmentand two Panzerspihwagen equipped
for flamethrowing. A T-34 and a KV 1 captured from the
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First MAN VK 3002
prototype during factory
trials.

enemy’s forces were also on the field.

Speer drove the MAN Panther cross-country for more
than 1 1/2 hours and had nothing but praise for its
handling capabilities, even though at this time the vehicle
was still equipped with the clutch-and-brake steering.
The second MAN Panther, which was temporarily
detached to the demonstrations, was equipped with a
controlled ditferential discontinuous regenerative steering
unit. These trials revealed that the differential operation
was adequate even in rough terrain, without having to
apply a steering brake while maneuvering.

On November 28th 1942 Henschel began production of
the single-radius epicyclic steering units, starting with
two pieces. After delivery to MAN the first of these was
cleared for installation in the initial test vehicle on 4
December 1942.

The Maschinenfabrik Augsburg-Niirnberg, in
November of 1942, was not in a position to deliver its
Panthers as agreed upon. The first four production
vehicles would be delivered in December. MAN planned
to install a clutch-and-brake steering unit in the first 30
tanks. In December of 1942 Henschel was contracted for
over 1100 single-radius epicyclic steering units. Maybach
built 20 HL 210 engines for the pre-series Panthers.

A conference was held in the Armaments Ministry in
Berlin on 17 December 1942, during which the special
urgency of the entire tank program was emphasized.
Regarding the Panther, Oberst Thomale, OKH/In 6
(Inspektion der Panzertruppen), determined that the
mounting of the machine guns was unsatisfactory.
Feasible solutions would also have to be found for the
disposable fuel containers mounted on the rear hull, the
winterizing equipment and the submersible qualities.



Panther Ausf. D (S8d.Kfz.171)

(<) H.L.Doyle'76

Thomale stated that he would be willing to accept the first
50 Panthers without amphibious gear if this equipment
were delivered at a later date. Chief Director Saur of the
Reichsministerium fiir Ristung und Kriegsproduktion
indicated that two of the initial Panthers were to be
equipped with armor foreplating of 30 mm and 50 mm
respectively. While it appeared that deliveries of the hull
were secured, there were problems with turret deliveries.
MAN received the first turret for the Panther to be
delivered in November on 15 December 1942. The con-
struction of the optics was only started on December 24th,

The MAN pre-production models were recognizable due to the
commander’s cupola cut into the turret side wall.

@ ©i O
O & \
Ex_x \!
| -

1942. Maybach announced that the deliveries of the
engines were assured. The scheduled deliveries of the

- steering mechanism were tentatively seen as attainable.

Saur made the determination that only the ZF synchro-
mesh gearbox would be considered. Thomale indicated
that the troops felt the spring suspension was too weak
and the acquisition of strengthened road wheel arms was
urgently pressed. It was anticipated that there would be a
bottleneck in the manufacture of the road wheel arms. For
the shipment of the fan drive by Fross-Biissing it was
expected that a firm delivery agreement would be reached

This drawing from a propaganda magazine shows the crew
disposition in the Panther. The only member not visible is the radio
operator,




on the part of MAN.

Saur expressly indicated that the construction of the
Panzer III would not take a back seat to the Panther and
that the planned production levels would be maintained
atall costs. At this time all companies participating in the
Panther program were also involved in mass production
of the Panzer III.

Henschel had completed tooling of the first three
Panther hulls on 4 January 1943 and these were made
available for assembly. Important pieces were still missing
for continuing work on the tank, such as the hand and
foot controllers. As the supplier, MAN was informed by
Henschel that the production had come to a standstill and
could not be continued due to lack of supply of certain
parts. The comprehensive changes to the single-radius
epicyclic steering which were announced on 31 December
1942 caused a delay of two weeks. However, the risks of
installing an untested steering mechanism design had
already been taken into account.

On 1 January 1943 the Reichsminister fiir Riistung und
Kriegsproduktion made the announcement that various
difficulties had been encountered by MAN and Daimler-
Benz during the construction of the first Panthers.
Henschel and Maschinenfabrik Niedersachsen-Hannover
were directed to temporarily detach an expert to the two
previously named firms in order to become acquainted
with the problems of the Panther production.

At this time the planned manufacture of the Leopard
.reconnaissance vehicle was dropped in favor of the
Panther. Hitler demanded research into the possibility of
arming the Panther with a 7.5 mm gun of a length of
L./100 or larger. In order to attain a higher penetrating
torce, he felt that correspondingly more powerful types of
propellant charges should by used.

According to the Fiihrer’s directive of 8 January 1943,
the Panther was to be builtin Italy for the Italian forces in
accordance with a mutual armament assistance program.
Neither the Italian State nor the as yet undetermined
license manufacturer would be required to pay any type of
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Postmark of the Alkett firm in Berlin-
Tegel, which was responsible for
numerous tank prototype
developments. The company was not
well known publicly.

licensing fees. The drawings and construction data were
given to the Royal Italian War Ministry.

Despite its best efforts, MAN was not able to deliver the
promised four Panthers by the end of December 1942
Also, Rheinmetall had not as yet been able to tool up the
turrets. New problems cropped up repeatedly with the
chassis. The gears in the final drive were particularly
troublesome. Here ZF, in order to achieve the strongest
possible tooth root, had made use of a corrected tooth
design — a design which showed a tendency for fatigue
cracks even after only short distances.

P3Z;

The first Panther was delivered by MAN on 11 January
1943, operable and with radio equipment installed. By the
end of January 1943 MAN was scheduled to manufacture
14 Panthers.

Henschel's schedule for the construction of its first
Panther anticipated delivery for road testing on 18 January
1943. The first vehicles were delivered minus their
winterizing gear and amphibious equipment. The
Wegmann company stated that the first two Panther
turrets it was constructing would bedeliveredon 15and 17
January 1943. During January 1943 MAN conducted
intensive testing of the single-radius epicyclic steering.
Six tanks were on Henschel’s assembly line at the end of
January 1943. Daimler-Benz announced on 25 January
1943 that the accelerated transfer of ship engine manu-
facturing facilities from the Berlin-Marienfelde plant
would be undertaken in favor of Panther production. A
disposition filed by the Hauptausschuss Waffen (Main
Weapons Committee) on January 29th, 1943 provides an
interesting view of the tank production program outlined
by the Reichsminister ftir Ruistung und Kriegsproduktion.
Beginning in October 1943 it was expected that the
following quantities would be delivered monthly:

— 150 light Panthers (with 50mm KwK 39 L/60)
— 900 heavy Panthers (with 75ram KwK 42 1./70)
— 75 Tigers

— 10 Mauschen
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Four-view of the initial production
model of the Panther tank, Ausf. D
(Sd.Kfz.171)




Gz ||
e WSy .

-

o FAWE RS ETN™ .

| maTa

_L'

————

o e -

N

N (AT e N
R ey
' .‘- .'.l.'..r.-..ﬂ“....r.' M ad

J.H.h._-._u.rn.l.....-— o o

.|.
~ 1‘_._... i g oS

g I

o o

o o o off

vosece)
%

[

ey
L

050%) %%
" ORI PR
99, Vvl

[ -
BN RA

=

1ol

e

ﬁ ‘._' . |'_ 3 A
il %= - l—_-l
| _w. 31...#” %

I\ .....i_._-_..__.

s
NS

£

o Y

L i,

il W il

. =y

.h.."- k.

Wy, e " ||

I_. e W
2%

-

_ﬂ___....__-..m.“mﬂn v
- A -~

e e,
%820

o ._
. - ¥l
o S

RO

mjm (gt
T ™ e T i ™ .
Yase el

TR RN
-
g
IO X
Were

oY Vs

-'I-'-‘w-mi'i:ih'n.ﬁmmp.-.-f-mﬂiw

T

T T

LR =
]
1

i
X

(c) H.L.Doyle'76

31




Panther tank with 75mm KwK L/100 (proposal)

— 250 Iight Sturmgeschiitze (on Panzer III chassis)

— 250 heavy Sturmgeschtitze (on Panther chassis)

— 200 light self-propelled guns (on Panzer II chassis)

— 150 heavy self-propelled guns (on Panzer III/IV
chassis)

— 15 ultra-heavy self-propelled guns (on Tiger chassis)
The first and second MAN mass-produced Panthers were
delivered to Panzer-Abteilung 51 at the Grafenwdhr
training area on 24 January 1943; the third arrived on the
26th of that month. Since the first two vehicles were to be
turned over to the troops for training, only the third was
available for industrial trials. The fourth MAN Panther
was delivered to the Verskraft in Kummersdorf for the
initiation of testing, which had not yet begun. The

The first Panther hulls on MAN’s hull drilling mill.
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vehicles had not been officially appropriated, but were
handed over to the troops on the personal orders of Speer.
Oftficial acceptance would take place later at the
Gratenwohr training area. The right and left underside
corners of the turret housing would have to be cut back by
30 mm, since these corners struck the closed driver and
radio operator hatches. Furthermore, problems were also
encountered with the traverse mechanism in the turret,
which could not rotate when the Panther was at an angle.

All vehicles being produced by the four manufacturers
carried the designation Panzerkampfwagen Panther,
Ausfiihrung D (Sd.Kfz.171) (on initial drawings it was

still shown as Ausfiihrung A). 850 Panther Ausfiihrung D
models were built.
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The Panther tank consisted of the chassis and the 360
degree traversable turret. In the hull, a firewall separated
the fighting compartment from the engine compartment.
The hull contained the engine and the drive units, as well
as the running gear mounts. Various hatches, louvers,
ports and other openings were to be found on the hull and
turret. The resulting combat weight of 45 metric tons —

originally planned at 35 tons (I) — and an engine .

performance of 700 metric hp gave the vehicle a power to
weight ratio of 15.5 hp/ton.

Driver’s seat in the Panther.

The driver’s and radioman’s seats separated by the ransmission and
steering differential. In the first Panther model, the radio operator
only had a machine gun flap.

Here the seat of the turret
race plate is being
machined.



By the beginning of 1943 the Panther was in mass production with
four manufacturers.

A view into the hull shows
the double arrangement of
the torsion bars, as well as
the drive shaft from the
engine to the
transmission.



Details of the Panther
production process at the
Maschinenfabrik
Augsburg-Niimberg in
Nuremberg.
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One of the first Panthers built by MAN shows the layout of tools and other equipment on both sides of the vehicle.

The engine, a liquid-cooled 12 cylinder V-type com-
bustion engine type HL 230 P 30 was a development of the
Maybach-Motoren-Gesellschaft in Friedrichshafen. The
conceptof the HL 230 was an attempt by Maybach to meet
all the requirements necessitated by a combat tank in the
30-40 ton class. The demand for an engine of smaller
dimensions was certainly met. The engine was hardly
longer than the proven 12 cylinder HL 120engine, already
in operation with the Panzer III and IV. The unusually
short length contributed to very compact dimensions of
the Panther’s engine compartment and favorably in-
tfluenced both the overall length and the weight. The
fighting compartment, therefore, constituted 63.7 per cent
of the total interior space. The engine weight was also
kept low, even though the original plans calling for an
alloy HL 230 engine in production models would have to
be changed to a cast iron design. The cast iron block was
characterized by its rigidity. Engine performance was 1.72
kg/metric hp with a displacement of 30.5 metric hp/liter
and an average piston speed of 14.5 meters per second.

The exceptionally long development time normally

expected of such a lofty undertaking was not available,
since the Panther would have to be developed and go into
production quite rapidly. Therefore it was not possible to
conclude development and undertake the necessa ry testing
of the vehicle.

The troops had come to trust Maybach engines, since
the various motors produced for the newly-developed
tanks had exhibited few notable difficulties. Given the
rapid expansion of the Wehrmacht, it was extremely rare
to find a tank type which had passed through all its
developmental stages prior to reaching the front lines. As
opposed to these engines, the current series was plagued
with all kinds of problems which would only be rectified
later in the manufacturing process. The bottom end
bearings, which on the HL 120 series were arranged in a
row on the crankshaft, had been replaced by a forked
connecting rod and a solid end connecting rod — both on
the same crankshaft pin; this reduced the overall size of the
engine by halfa cylinder diameter. The initial difficulties
caused by such an arrangement could be corrected.
However, it was notso easy wrestling with the problems of

Side view of a Panther Ausf.
D with the initial
arrangement of the
commander’s cupola.
Machine pistol plugs and
communications port can be
seen in the side wall of the
turret.




A Henschel-produced vehicle prior to laying on the tracks.

Both Tiger and Panther tanks were built simultaneously at Henschel.
The Panther already sports the Sandgelb basic coat introduced in
1943, whereas the Tiger still wears the older Dunkelgrau.




The first vehicle delivered to the Henschel testing grounds, which was
prepared for submersion trials in Haustenbeck.

At this spot the track struck against the ongue mounts of the side
skirts and tore them away.

The mountings for the side track skirts proved to be 00 weak.

the distance between cylinders being so significantly
reduced in comparison with previous engine designs. All
these teething troubles, which could have led to major
problems in operations with the front-line troops, were
eventually corrected by the end of the Panther’s develop-
ment cycle to the point where the HL 230 enjoyed nearly
the same level of reliability as Maybach’s other engines.
The engine’s cylinders were arranged in a V-form and
their lubricated cylinder sleeves were interchangeable.
T'he crank assembly consisted of the crankshaft and
tflywheel, the piston rods and the pistons; these were
formed of metal alloy. The crankshaft rolled on seven sets
of bearing races. In later versions the crankshaft was
supported by an eighth set of bearings behind the vibration
damper. A forked connecting rod was affixed to each
crankshaft pin, which also supported a link rod for the
opposite side of the cylinder. The overhead camshaft ran
through the length of the cylinder head cover and
operated the intake and exhaust valves by means of rocker
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The track skirts were pushed into each other and twisted.

of salt.
arms. In order to facilitate better cooling, the smaller
exhaust valves were hollow and filled with a special type

As with all German tanks, a dry sump lubrication
system was used to ensure trouble-free lubrication of the
engine parts when the tank was operating at a steepangle
— and in view of the imposed low profile design of the
Panther.

The equipment used for regulating the temperature of
the engine coolant and the transmission fluid could be
shut off for underwater travel. The radiators, the fans and
the air passages were separated from the engine compart-
ment and watertight. Two vertically positioned radiators
and one blade fan between the radiators were installed on
both the right and left side of the engine, between the
engine and the hull walls. When the Panther was travel-
ling submersed, the fans were shut off and the space was
flooded. The fans were driven by the engine via a drive
having two gears for both winter and tropical operations.



A torn out mount for the track skirts.

The hatch in the middle of the rear hull wall seen here could not be

sealed properly initially, and it was necessary to develop a new seal
design.

The container for the gun barrel cleaning equipment, seen fixed
above the side skirt, proved to be inadequately sealed during
amphibious testing.

The torque was transferred from the fan hub to the fan
wheel through a slip clutch, which prevented the power
from engine acceleration from being directly relayed to
the fan drive and thereby minimizing the potential for
damage to the drive. The fluid level of the cooling system
was maintained by the use of an overflow/expansion tank
in the rear of the vehicle. The coolant was poured into this
expansion tank.

The wet air filter, either with its lubricated metal trap
weave or filled with oil to filter the engine combustion air,
was originally installed in German tanks and required an
inordinate amount of maintenance. This filter type led to
many engine breakdowns during tank operations in
North Africa and Russia. The method of cyclone dust
removal, commonly used in the gas refining industry, was
explored as a possible solution for removing dust from the
engine combustion air of armored vehicles. Professor Dr.-
Ing. Feifel, of Vienna’s Technische Hochschule, was at
the forefront in exploring the theory of cyclone dust

Residual grit or sand made it difficult to close the driver’s flap.

separation and had formulated mathematical calculations
for determining the mostideal path of circulation flow in
the cyclone chamber.

The result of this developmental work was Professor
Dr.-Ing. Feifel’s cyclone filter and possessed outstanding
qualities; with the Feifel filter it was possible to method-
1cally regulate the process in the vortex core and base in
order to achieve optimum dust separation in the tank’s
engine.

The Filterwerk Mann & Hummel GmbH in Ludwigs-
burg assumed mass production of this filter, which was
installed in the Tiger and Panther tanks. The separator
chamber in the cyclone filter contained no moving parts.
The airtlow resistance was independent of operating time;
at maximum r.p.m. the resistance was approximately 150
to 200 mm WS and dropped off with reduced r.p.m
without any appreciable loss in the quality of dust
separation. At maximum r.p.m. thefilter had a 99% dust
separation effectiveness. The Feifel filters were used
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Frontal view of the Panther equipped for fording trials. Original form of the gun mantelet, with barrel travel lock.

Stowage boxes were mounted on both sides of the rear hull for
transporting the crew’s baggage. They, too, were prone to leaks.
Panther, ready for delivery.

Panther Ausf. D tanks during delivery.

For the first time the Panther appeared in the recognition leaflets. The
vehicle below still has the ball-shaped muzzle brake.
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The power train of the Panther in both schematic and perspective views.
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HL 210

Comparison of Maybach HL 210 and HL 230 engines.

SRR g N . . "H'_'.l'_._'—|! IR ——

[
|
]
|
g_
i
h

HL 230

45




Maybach dl‘l‘willlgl in 1:2 scale showing the cylinder arrangement of the HL 230 engine. The narrow spacing between the cylinders was a result
of the use of a disk-type crankshaft. Not once did the small water spacing lead to piston damage; it was not necessary to take special measures.
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On the HL 230 engine the
cylinder head’s crankshaft
housing was sealed against oil
and water by a Reinzolit gasket
(1). The cylinder sleeves (2)
butting up against the cylinder
head — i.e. the compression
chamber — were sealed by
rectangular soft copper rings (3
and 4). These rings were forced
down into the vertical section of
the upper part of the cylinder
sleeve as the cylinder head was
tightened down. Sketch 4 shows
two of the rings fixed in the

vertical section. / .
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Comparison of the Maybach HL 230 P 30 (Panther) and the HL 230 P 45 (Tiger).

Motor HL 230 P 435



IAFEL | TAFEL 2

20 8%

E—

28 2Ro

Schwungradseite

Gruppe: Kurbelgehduse
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Details of the cooling system.
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exclusively as a pre-filters, the “cyclones”’ being operated
by means of a parallel connection. These filters were
installed on the series models of the Maybach HL 230 P 30
engines. The dust was automatically drawn out of the
settling space by the fans of the cooling system. In doing
S0, a partial maintenance-free operation was achieved (the
primary oil-bath filter, used for improving dust filtration
even further, still required servicing). Together with the
firm of J. Hiickels and Sons of Neutitschein, Dr.Ing.h.c.
Ledwinka of the Tatra company pushed for thorough
studies into replacing the oil-bath filter in the Panther
with a maintenance-free felt filter. However these studies
were never concluded.

The exhaust manifolds became extremely hot during
operations and were therefore covered with cooling sleeves
or jackets. The cool air was drawn through the space
between the manifold and the jacket by means of a pipe
running from the fan. In order to make this cooling
arrangement more effective the air was forced through the
exhaust jacket pipe on the leftand flowed into the open air

Engine and gearbox were connected via two cardan
shafts, separated by the turret power traverse drive. The
turret drive shaft lay between the cardan shafts in a
housing, fromwhich the turret drive was powered along
with the two hydraulic pumps for operating the steering
brakes. The turret traverse was driven from the first set of
bevel gears via a short drive shaft and a hydraulic drive
(Bohringer-Sturm drive).

Since the Panther was designed to be amphibious, the
engine compartment was made watertight — sealed off
from the radiator and fan compartments as well as
separated from the fuel tanks. The engine compartment
was inadequately ventilated, bathed in its own combustion
air in addition to the already warmed cooling air passing

Cyclone combustion air filter.
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through two pipes mounted on either side of the left L 0, g
exhaust pipe. g
The five internal fuel tanks held roughly 730 liters (560 L Es
kg), of which 130 liters were considered reserve. This total | 0w
amount gave the vehicle a highway range of 250 to 270 km | ERRe
at23 to 26 km/h; the reserve gave 40 to 50 km. Two double | Sos
head fuel pumps forced the fuel to the four double- i Sag
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through the cooling sleeves of the exhaust manifolds.
This arrangement led to many engine fires caused by
non-insulated fuel connectors, particularly in the first
models. The situation was partially remedied by drawing
off the highly flammable bottom layer of gasses by using

gearbox.

lower pressure air in the suction valve chamber beneath
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T
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the side-mounted fans. Even this solution did not prove
completely satisfactory initially.

The main clutch in the form of a triple plate dry clutch
separated the power transfer between the engine and the
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Zu den Luftfuhrungen
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Fuel system as installed in the vehicle.

Leerlauf-Lufstellschroube

Anlafiluflventil

Houptdise
Anlafl-Krafistofdise

Vergaserunterteil

Both the Maybach-VARIOREX and OLVAR gearboxes
were very costly in terms of material quality, ball bearings,
refinement in construction, construction time involved
and maintenance. Other than these two designs, there
were no semiautomatic or fully automatic shift gearboxes
being manufactured in the required size, nor was there any
suitable transmission which did not interrupt the drive
power. The familiar multi-plate disk clutch and hand-
operated gear shift were therefore selected. The Zahnrad-
fabrik Friedrichshafen pushed for the design of a Hauptdise
simplified gearbox, primarily with regards to main- Avo'®i€dose
tenance. Graf von Soden, the well-known transmission
expert, penned his thoughts on tank transmissions in a
1942 memorandum and called for the ‘“‘absolute most
simple construction.”

Dresselklappenwellen

All-terrain downdraft carburetor, side view (Solex)

Carburetor, top view minus cover.
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; Stitzbremsen Lenkgetriebe Wechselgetriebe Schalthebel, hochgestellt

Riegelhaken

Olleitung

Kupplungshebel \ - Lt B | — -
fir Lenkkupplung . - AR TS o= —r

Wellenstumpf
fir Seitenwelle

Olleitungen

Ausrickhebel f. d. Houptkupplung

There were two paths being pursued in the Ober-
kommando des Heeres (Army High Command) regarding
transmissions; the one pursued by the Heereswaffenamt
emphasized automatizing the shifting process, while the
Inspektion der Panzertruppen (In 6) stressed a simple
manual transmission with few gears. Discussions arose as
to whether it would be feasible to equip a 45 metric ton
vehicle with a manual transmission which wouldn’t tax
the driver beyond his physical limitations. The Zahnrad-
fabrik Friedrichshafen began work on a series of drafts;
Graf von Soden and Dr.-Ing. e.h. Maier settled on the
triple shaft design AK 7-200 transmission. The design of
this seven-speed all synchro-mesh AK 7-200 tank trans-
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Kupplungslager

Transmission, left side.

Flansch fir
Gelenkwelle

mission was carried out in an unusually short time span.
In February of 1942 initial work was begun on the design;
1in August of the same year the first two transmissions
stood awaiting delivery. These two test units initiated the
immediate run of the first batch of 5000 transmissions,
even though up to that point a manual transmission of
700 metric hp was virtually unheard of. The minor defects
initially encountered were corrected over a short period of
time. ZF met the demand for a production rate of 1000
units per month by constructing a new manufacturing
plant in Passau. The new “Waldwerke GmbH"’ facility,
generously supported financially by the OKH, began
producing tank transmissions starting in mid-1943.

Olleitung

} Kupplungshebel fir

' ‘f— Lenkkupplung
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Transmission, right side.
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Seitenwelle



Another branch site was established in Schlettstadt, Alsace.
Up to this time, all spur gears which meshed were
contained within the transmission case, a practical if
costly solution. The normal alternative was to mount the
spur gears on the shafts, as was done on the AK 7-200. This

Transmission, gear arrangement AK 7 -200 ,

Geschwindigkeitsmesser -Antrieb

R

Ricklaufwelle Dreiwellen-Radsatz

N g Vorgelegewelle g r
ST et D Ablrelle {i*’H N
o g — ?\ ;
LS ® )
=¥

S AT
Ty

b 5

5 @) (¥ 7 Anir. Welle
'_ﬂ . ~ Drehzahlmesser
Olpumpe
Lenkantrieb bers.
1 Gg. — l_l = 9.21 b
2:02
2 Gg I—_1—| = 4,56
1,59
3r Gg. 1 - 2!8 ?
1.56
4.Gg. — = 1834 > 1314
114 5
5- Gg 1 - 112?
1141
Gi ﬁg+ 1 — 019
1,31
7. Gg 1 = 01668
pre—
. — = 930 Sprung.

56

did not change the fact that such transmissions were not
the ideal solution for these heavy vehicles with their high
rolling resistance. The transmission was a seven speed all
synchro-mesh design with synchronization for all gears
excepting first gear and reverse.

Transmission, power transfer for individual gears.
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Since it was envisaged to produce the Panther in large
numbers, production costs of the various subassemblies
900 ]t

would have to be kept to a minimum. Instead of the
double-radius epicyclic steering in the Tiger tank, it was
considered that the single radius steering would be
adequate; it had already proven effective in the Panzer-
Getriebeubstufung Panther kampfwagen 38(t) and permitted a large turn radius by
mit quchh - Motor HL 230 using epicyclic gearing to reduce the speed on one side of
und ZF -Getriebe AK 7-200 the vehicle. Tighter radii were achieved by disengaging
and applying the brake to the track on the inside of the
curve. This type of steering was a vast improvementover a
clutch-and-brake steering, even if it wasn’t as appealing as
the double-radius steering. If it had been possible to
o \ toresee what difficulties the final reduction gearing was to
F cause, it would have been a much better solution to have
selected a more expensive final drive which provided a
- | greater degree of reliability. In the end, the final drive
proved to be too weak to handle braking with the Klaue
disk break when steering through tight curves. The use of
epicyclic gearing for the final drive hinged upon the
bottleneck being encountered in the supply of gear
cutting machines for producing the hollow gearing,
When passing judgement on the double-spur final re-
duction gear it should be noted that the high-quality steel
originally planned for the spur gears in the final drive was
not available for mass production and was unexpectedly
- replaced by VMS 135 (today 37 MnSi5) tempered steel (not
as suitable for this purpose). The steering unit itself
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gear pairs were in a constant state of mesh in all gears. %
Synchronized shifting took place by means of sliding
sleeves which were engaged with the shift lever. During
shifting the cog wheels to be shifted were first brought to ]
the same r.p.m. by a bevel gear pre-selector, only then was AK 7—200
a set connection made between the drive shaft and the
gear. During down-shifting the pre-selector was assisted
by gas given at intervals to the engine in gliding down-
ward; during up-shifting it was supported by double
clutching. The transmission was designed for a top speed
of 55 km/h and for 4.1 km/h in first gear. It had an final
drive ratio of 13.4:1.
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Production of
steering
differentals.

performed well with only minimal problems. It consisted
of a primary bevel gear drive, two epicyclic gears, the bevel
gear control drive, two spur gear pairs and two support
brakes each having a control clutch. The center solid gears
in the epicyclic gearing could be arrested by the brakes
either individually or collectively. In order to facilitate
steering through tight turns each track could be halted by
a solid disk brake, once the support brake had been

Steering
differential, steering
brake and final
drive, with drive
sprocket for the
Panther tank.

released and the steering clutch disengaged. Also, by
releasing the support brake a single center gear could be
set into motion from the control drive via a control clutch
and a spur gear pair against the main drive’s direction of
rotation. The affected track would be slowed down and
the tank would then make a single arc of a fixed radius for
every gear engaged — hence the term ‘‘single-radius”
steering. This type of steering required little strength and
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could be used in all normal situations.

In order to keep the effort toa minimum during manual
shifting, the operation of the supportand drive brakes was
enhanced by a hydraulic system. Tight turns required that
the brake on the inside of the turn be applied in order to
slow the track down or bring it to a stop, as needed.

Given the unfamiliarity with the speed/weight com-
bination of the Panther tank, conventional brakes were
simply not able to provide the necessary braking torque.
The solid disk brake developed by Dr.-Ing. Klaue and
manufactured by the Argus Werke furnished the required
deceleration values in addition to demonstrating favorable
endurance characteristics. The brake disk was designed as
a U-shaped ring, heavily ribbed externally. Two fixed
brake rings, kept apart by bearings in angled grooves,
provided the braking power to the U-shaped brake ring.
The large surface area of the brake rings meant that the

Final drive and drive sprocket.

Triebrad —-I .

Stutzrolle

Seitenvorgelege
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wear of the brake lining (attached to the brake rings) was
relatively low and allowed for the heat buildup to be
satisfactorily bled off. The expansion force caused by the
bearings in the sloped grooves provided the basis for the
previously unheard of braking power.

Steering brake, components of the solid disk brake
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Steering brake, sectional of the solid disk brake.
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If the steering levers or brakes were handled in a rough
manner such great momentum could build up as to cause
breaks in the weak gear teeth or to the mountings of the
under-sized final reduction drive shaft.

Steering brakes were not applied when making tight
turns with a double-radius steering mechanism as
mounted in the Tiger, thereby limiting the occurrence of
such high momentum to the relatively rare times when
emergency braking was necessary.

The heat buildup of the steering brakes was drawn off
by a rectangular channel in the hull floor which ran
beneath the engine to the right fan compartment.

The final drive served as a further reduction of the
driving r.p.m. It contained two spur gear sets. The
housing was sealed off by labyrinth packing at the point
of the drive sprocket hub. The drive sprocket was joined to
the final drive by its drive sprocket shaft. The toothed rims
on the drive sprockets could be replaced without actually
having to remove the sprockets themselves. The final
drive (gear teeth and bearings) was the weakest part of the
Panther. It was a risky proposition to use a spur gear
system for transferring the drive power — especially
considering that the available steel during the war did not
have a particularly high stress tolerance. A better solution
would have been to use an epicyclic gear system; a
prototype final reduction drive using planetary gear
reduction had already been tested and had performed
flawlessly. However, as mentioned previously, a shortage
of gear cutting machinery for the hollow gearing pre-
vented this type of final drive from being mass produced.
In order to bridge the gap a final reduction gear system
was installed in front of the main gear drive, but due to
installation restrictions its mountings were far too weak
and could not be strengthened. Because of gear teeth being
under too great a load and the weak mountings, the gears
were pushed out of alignment — virtually guaranteeing
mount and tooth breakage.

The general consensus of the industry was that inner-
toothed gear wheels could not be produced due to a lack of
proper machinery. This meant that a final drive using
planetary gear reduction and pre-selector spur gearing —
found to be reliable in company testing — could not be
installed in production tanks. All attempts to improve the
final drive met with failure, despite the offers of a special
bonus as an incentive. The housings, which initially had
proven too weak and whose outer mounts had been bent
out of alignment by the track’s pull, were eventually
replaced by stronger ones.

What was the state of running gear development for
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German tanks prior to the introduction of the Panther?
The Panzerkampfwagen III and IV originally were of
Iimited usefulness to the German armored forces. The
chassis of the Pzkpfw III was definitely an asset —after the
double-bogie running gear of the initial series vehicles did
not prove effective. The tank was relatively reliable with
the exception of the rubber tires on the wheels (which had
too small a diameter). Until the process of cloudburst
hardening had been invented the torsion bars of the
Pzkpfw simply did not have enough fatigue resistance.
The vehicle was basically too small to accommodate a
75mm L/50 gun in its turret — meaning that when the
Russian T-34appeared the Pzkpfw III lost its effectiveness.
In spite of a few flaws in mounting the gun, however, the
chassis turned out to be acceptable as a Sturmgeschiitz
platform and was used with success in this role up until
the end of the war.

On the other hand, the Pzkpfw IV chassis was large
enough to carry a 75mm L/50 gun in its turret. However,
the chassis revealed a number of basic technological
design flaws. Once it was determined that the better
Pzkptw III chassis was too small for the 75mm L/50 gun,
production of the Pzkpfw IV intensified. At this point it
no longer became possible to alleviate the weaknesses of
the Panzer IV’s chassis. Practically speaking, it would
have meant a new design of the steering brakes resulting
in a total redesign of the steering unit, the running gear,
the hull, the radiator and the engine compartment. This
approach was repeatedly studied and discarded. The road
wheels were of too small a diameter to provide the rubber
tires with even a barely acceptable lifespan. The tracks
were too narrow. The leaf spring bogie wheel suspension
frame no longer mirrored the current state of technology.
Tests using a volute suspension did not offer any useful
results.

The band brakes used in the steering mechanism were
technologically obsolete, less reliable and required a
considerable amount of maintenance. The engine and
transmission operated in a satisfactory manner. The
combustion air filtration proved entirely inadequate in
light of the radiator and cooling fan arrangement. The
spatial separation of the fans and radiators automatically
resulted in a poor effective cooling temperature.

The Panzer IV was clearly inferior to the Russian T-34
in all crucial areas. Given this situation it was imperative
that a new, significantly more capable tank be developed

* As of this time, the ballisticians had not yet been able to assert
themselves over the tacticians, who did not want to see the maneuver-
ability of the tank be restricted in favor of the barrel overhang of the gun.



as rapidly as humanly possible.

This new model was designed in an inconceivably short
amount of time in the form of the Panther tank. This
chassis made great advances into the most diverse areas of
transportation technology. Some of these ventures were 2
complete success; some suffered minor setbacks but wera
worked 1nto acceptable solutions; some would only reach
a mature stage of development in the closing days of the
war, and some would only fulfill their purpose in verv
restricted conditions. The greatest accomplishment —
albeit with reservations — was in the creation of the
Panther running gear. This running gear established an
entirely new standard for the performance of tracked
running gear of the time and, in spite of its complicated
design — both overall and in detail — seldom led to truly
serious difficulties. It was the design of Professor Dr.-Ing
Lehr*, a notable researcher in the area of oscillation
studies and fatigue limits. Professor Lehr possessed the
unique quality of not only having the highest scientific
abilities butalso having a clear vision of what was feasible
In practice.

Professor Lehr operated on the principle that the
suspension of a tank should permit the vehicle to safely,
rapidly and with great maneuverability cross even a
battlefield of extremely uneven terrain. From this thinking
stemmed the question of how great the vertical displace-
ment and maximum acceleration should be, given the
varying terrain of a battlefield landscape. A long-range
goal was established wherein it was determined to have a
tank sprung in such a manner that it would be able to
traverse at high speed an area having ground undulations
up to a height of 500 mm, without the suspension
breaking down. The suspension introduced with the
Panther enabled the vehicle to overcome an RMS elevation
(an indicator of surface roughness) of 150 mm. This
objective was attainable only by taking advantage of all
the options then available and by utilizing high-cost
technology. A depth of 300 mm required a bump of 300 to
350 mm, calculated from the static laden position of the
wheel to the point of its upper travel limit.** In order to
study the problems of overcoming an RMS value of 300 to
350 mm, a test vehicle having a 400 mm stroke and
developing 40 to 45 kph cross-country was turned over to
the WaPrtif 6. Instead of the Panther’s normal ‘‘hairpin”
double torsion bars, three torsion bars were arranged in a
row. The question of what speeds the Panther was
expected to reach under combat conditions was clearly
answered in message #32/43 g from the Generalinspekteur
der Panzertruppen on 12 August 1943:
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“‘Regarding all-steel resilient running gear: The
Gen.Insp.d.Pz. Tr. requires that all parts of the running
gear now being developed for armored tank vehicles
(Tiger, Panther, Panzer IV and light Panzerjdager IV) meet
the following criteria:

30 km/h cruising speed on the battlefield

40 km/h maximum speed on the battlefield

This demand, founded on the basic principles of tank
warfare, will in no way be restricted by the generalization
that in reality a tank’s speed may actually be much slower
on the battlefield.”

Visibility could be improved significantly during high
speeds by the use of gyro-stabilized optics for the tank crew
which would keep the field of view level independent of
the tank’s vertical motion. Furthermore, it was expected
that a tank having good suspension would provide a
suitable observation platform while crossing rough
terrain. In any case, the gunner should be able to maintain
the target in his sights at all times. This would not be the
case it he were constantly having to pull his head back to
avold being struck by the sight at every ripple in the
terrain. A prerequisite for circumventing this drawback
was ensuring that the vertical displacement remained less
than approximately +/-2 degrees and that the force upon
the gunner’s head by roughly 40% lower than the vertical
acceleration (b 0.4 g) even during the hardest jolts. This
was not easy to accomplish, although the Panther went a

long way to doing so by arranging the shock absorbers on
the first and final swing arms.

* Dr.-Ing. habil. Ernst Lehr, born on 4 July 1896, killed in an air attack
on Berlin on 25 March 1944.

** Testing was done at the Verskraftin Kummersdorf on a concrete track,

i:nqdwhich undulations of 100 mm height at intervals of 6 meters were
aid.



Spring layout in the
Panther.
Drehstab 1
ﬁingarmsuh
75
X
Drehstab 2
:I_"-:—"
= 3
Jochseite 3! | [ ; —
5 { 1
L_ Schwingarmseite . :I—i'__‘_’
1
80 % L{I]:Dﬂ:
:l l = 3 . it |
Drehstab 3
5 15
I_{ i s s
E[ 1
I
| 1=
( 2
t 1
7 1
" 1
Deckel im Wannenboden
1
s
Design of the torsion bar
arrangement in the g
Panther tank. Heck

62



The quality of suspension was that much better when
the amplitude of vertical displacement was smaller and
less acceleration was built up when crossing broken
terrain. During comparison tests all vehicles demonstrated
nearly the same pitch resonance at a speed of 5 km/h. With
an increase in speed the pitch resonance also increased
correspondingly — with the exception of the Panther V1
test vehicle equipped with shock absorbers on the first and
last road wheel arms; a steady decrease was shown with
this suspension. As a consequence, this avenue would
have to be explored further in order to reach the targeted
goal. As opposed to the Panther V1, it was not possible to
mount the shock absorbers on the first and eighth swing
arms with the series Panthers, resulting in a deterioration
of the flotation qualities. This was lower because the
shock absorbers were mounted on the second and seventh
road wheel arms; an improved flotation such as found on
the Panther V1 demanded that the shocks be affixed to the
first and eighth arms. This positioning of the shock
absorbers apparently played a major role in the flotation
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characteristics, since the suspension on both Panthers was
exactly the same.

Hemscheidt developed a prototype shock absorber for
the Panther which demonstrated a greater volume.
Compared to the HT 90 mass-produced shock absorber,
the following differences were noted:

HT 90 125
length fully extended 605 mm 710 mm
length fully compressed 445 mm 550 mm
travel movement 160 mm 160 mm
= = Left: Operating
' characteristics of the shock
absorbers.

o S

Details of the Panther’s
HT 90 shock absorber.




The other critical element was shaped by the two
versions of the Panzerkampfwagen IV, one of which
utilized a volute spring suspension. This vehicle exhibited
a dramatic rise in vertical movement with an increase in
speed. At a speed of 22 to 25 km/h the vibration became so
great that it was not possible to maintain any higher rate
of speed.

‘The characteristics of the leaf-sprung VK 3001 (DB)and
the US Sherman M4 were approximately the same. The
acceleration and impact were several times greater than
with the Panther. Even with the T-84, the pitch became so
great at 25 km/h that a further increase in speed was not
possible. In all the Panthers tested the natural frequency
of the rebound travel was significantly less than the
natural frequency of the bump travel rate. At 31/min the
Panther’s was by far the lowest. Because of space con-
straints it wasn’t deemed possible to bring the rebound
travel’s natural frequency much below 30/min.

The importance of damping cannot be overemphasized.
It 1t was too little, a very uncomfortable ‘““porpoising”’
would result at the critical speed. If it was too great, an
unpleasant feeling of acceleration would result in the

vehicle. It was necessary to keep the natural frequency of -

the vertical displacement as low as possible in order to
maintain a good suspension. At the same time it was
essential to pay attention to the arrangement of the shocks
so that the vertical motion would be dampened at D = 0.4
to 0.5. Any less damping would be insufficient. If the
tlotation didn’t meet the proscribed guidelines, then even
a soft suspension would be useless. The damping was just
as importantas the suspension and both were inseparable
from each other. During the development of the Panther
the Panzerkommission expressly specified that the springs
would be required to have a fatigue life of 10,000 km. The
lower dissipation limit of torsional fatigue was +— 20
kg/mm?for a shaft having a diameter of 50 to 60 mm. This
ensured the best application of material, especially once
the fatigue life was increased to nearly double that of a
simple ground shaft surface by using either surface
pressurization finishing or bombarding the surface with
steel bearings (shot peening/cloudburst hardening). A
recurring disadvantage was that, in view of the given
resistance data, a road wheel stroke of just 200 mm would
require a shaft length greater than the width of the tank
hull. Many options were explored with the purpose of
alleviating this drawback; these involved connecting
several torsion bars in tandem or parallel. Of all these
possibilities, however, only the “hairpin’’ design as
planned for the Panther led to a feasible solution. Initially
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Mounting of the
shock absorbers
on the interior
hull wall.

this design was quite a risk, since the spring bar was not
only subject to torsional stress, but was also bent to a
certain degree. After extensive testing showed that this
double load would be carried remarkably well, this
suspension could be introduced on production models.




There were virtually no complaints during Panther
operations. The two torsion bars were laid one behind the
other and linked by a coupler. The torsion bars had a
circular nut with a milled support surface, since the
mountings of Dr.-Ing. Lehr’s test vehicles having this
feature showed that it also prevented the bars from being
incorrectly installed into their receptacles. The coupler
had two cylindrical openings to accept the torsion bar
nuts. The two torsion bars were held in place by shims
having opposing inclined bevels. A trunnion was affixed
opposite the torsion bars to the coupler and secured it into
a bore of a support on the hull wall, giving the unit a
pendulating motion.

A full margin of reliability could only be attained once
the coupler had been strengthened. Since the installation
of the double torsion bars was linked to a certain
uneasiness with regards to maintenance, there was
naturally the desire for a more simplified solution. Such a
solution, however, could not be found. There was no
purpose in implementing recommendations which only
resulted in a significantly less stroke. The difficulty was
namely 1n providing a long-lasting spring which permit-
ted a road wheel stroke of more than 500 mm. The effective
stroke was reduced to 220 mm when using a single torsion
bar. In addition, this resulted in a substantial increase in
the vehicle’s natural frequency. Both of these character-
istics meant a step backward in the current state of Panther

development — a measure which was out of the question.
Nevertheless, for reasons of material shortages a single
torsion bar suspension was planned for the follow-on
Panther IL

Due to less constructive use of materials all other types
of suspension — coil spring, leaf, volute spring, and
rubber — would have meant a significant increase in the
Panther’s weight in order to provide the same quality of
suspension. The torsion bar suspension arguably provided
the most effective utilization of materials. In spite of this
fact, the torsion bar suspension was repeatedly subject to
harsh criticism. Some areas of complaint were:
— the high amount of boring needed to be done on the
tank hull and the associated high production costs.
However, the suspension was armor protected and was
largely protected against dirt and damage.
— the arrangement of the torsion bar suspension required
a 50 to 55 mm greater hull height and total height. The
front drive meant a further increase in the total height by
roughly 140 mm to 195 mm due to the drive shaft channel.
— the manufacturing and refining of the swing arms
formed a bottleneck. Once the arms were assembled from
several parts
— some of which were tubular — using electric buttseam
welding, this problem was also remedied.
— the springs crisscrossed the floor of the hull like a grill,
making a floor escape hatch impossible.
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The hollow forged road wheel arm of
the Panther, in photo and drawing.

Design of the hollow forged swing arm:
the swing arm for the road wheels had
two shafts. One (1) supported the road
wheel, while the other (2) was anchored
in the tank’s hull. In order to keep the
weight of the swing arm down while at
the same time providing the best
durability, the piece was made out of
high strength rolled steel — hollow
forged where possible. The road wheel
axle (1) and the arm (3) were made from
a solid stretched cylinder of steel,
hollowed out using forging machines.
The hub (4), which accepted the torsion
bars, was affixed to the lifting arm and
hollowed out on other forging
machinery. The tube ending, which
formed the mounting pin for anchoring
the arm inside the tank hull, was
electrically welded to the hub (4) using
butt welding machines. The final shape
of the swing arm was achieved by
bending the road wheel axle (1) 90
degrees.
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— replacing the double torsion bars was a tiresome and
difficult task, particularly after being damaged by a mine.

One thing was certain, however — at this point in time
there was no other type of suspension which could match
the same qualities of the double torsion bar suspension.

Each side of the running gear of the Panther consisted
of four inner and four outer road wheels, eight swing
arms, eight double torsion bars, two shock absorbers, an
idler wheel with an adjusting shaft for track tension, a
return roller, three bump stop for the swing arms and one
track.

Dr.-Ing Lehr had hoped to avoid stop buffers on the two
torward wheels, but it later became necessary to mount
these. The installation of such buffers was difficult due to
the shortage of space with an interleaved running gear.
The effect of these cup spring buffers was seriously
reduced when they were gummed up by mud and clay.
Since on one side of the running gear the road wheel arms
were installed offset from the other side, a buffer had to be

atfixed at the first axle due to the disruption of the
suspension.

The role model for the Panther’s running gear was most

certainly the interleaved running gear of Germany’s half
tracks, which enjoyed the following advan tages: the large
road wheels move relatively little even while traversing
rugged terrain and maintained drive power when over-
coming ground obstacles. The wear on the rubber tires
was also kept within acceptable limits, thanks to a
relatively wide grip area on the wheels and little com-
pression of the rubber. The small interval between the
eight road wheels per track gave them a relatively equal
ground pressure which would otherwise not have been

Road wheels and swing arms seen from the inner side.

-

possible.

The bogie wheels were arranged in an overlapping
manner and were dished disk wheels having removable
all-rubber tires. A wheel rim was fitted to the wheel disks
(interval between disks was 560 mm) for accepting the
rubber tires, the second rim being bolted on. The rubber
tire for the wheel was laid between the two rims and held
in place by tightening the bolts (16 on the Ausf. D, 24 on
Ausf. A and later models). This obviated the need for the
expensive process of cutting grooves prior to vulcanizing
the rubber to the wheel. Steel wire was vulcanized into the
inside of the tire to retain some of the cohesion which had

Details of the
road wheels on
an Ausf. D.

The solid rubber
tires were not
vulcanized to
the road wheels
and could be
changed
without using
any special
tools. A
sledgehammer
was sufficient to
knock the
rubber tire and
retaining ring
from off the
wheel.
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The tensioner
for the tracks
was located in
the rear of the
vehicle.

been exerted on the rubber vulcanized to the previous steel
tires. This method proved to be quite effective. The inner
road wheels carried track guide rings. Having a diameter
of 860 mm, each wheel rested on its swing arm on tapered
roller bearings. The road wheel arms in turn pivoted
inside molded Bakelite bushings inside the tank’s hull.
The ground pressure of the bogie wheels with tires
amounted to 141 kg/cm. The double torsion bars used for
suspension were secured in place by shims. The ends of
the original torsion bars were slotted, or keyed, according
to the vehicle standards of DIN Kr 231 Bl. 1, having a
radius of 0.4 mm at the base of the slot. The sharp V-
angled grooves caused breaks in the torsion bars which
invariably stemmed from the slots. Because of this Dr.-
Ing. Lehr proposed his own design of flattening the
surface of the torsion bar head and using shims to hold it
in place; after extensive studies this method was introduced
on production models. The flattened areas required
protection from abrasive corrosion, which the torsion bar
manufacturers achieved by copper plating them.
Nevertheless, the troops had serious difficulties — even
if most of the breaks now occurred in the shaft and no
longer at the head. The Porsche company therefore
developed its own serration design with a slot base of 0.8
mm. Disregarding the advantage of having a lower notch
effect, it was now possible to use the process of shot

peening on the shaft as well as the slot bases, thereby
achieving a higher fatigue life.
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Three firms were involved in manufacturing the torsion
bar springs: R6chling, Dittmann-Neuhaus and Hoesch.
Whereas Réchling and Hoesch used shot peening (a
Réchling patent), Dittmann-Neuhaus instead made use
of a OBERFLACHENDRUCKEN (surface pressuring)

process. Raw materials for the springshad a quality
standard of 50 Cr V 4, but there had to be a balance reached
in which the most critical alloy components such as Cand
Cr were kept at their maximum limit.

A special tool
called a track
connecter
enabled the
track to be
separated and
fastened
together easily.

Using a cable
the track was
drawn over and
lifted onto the
drive sprocket.

The loose track
was then joined
together.




Track details of the Panther tank. f"' N W\
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Panther seen traversing the “Wellenbahn”, or undulated test track at Schematic drawing showing the vehicle’s body movement during
the testing grounds of Maschinenfabrik Augsburg-Niimberg. On the bounce.

vehicle’s right side can be seen the recording device for measuring the
bounce (vertical movement of vehicle).

Resonance curve compilation for the vertical center-of-mass

Details of the Panther’s recording apparatus for measuring bounce. acceleration.
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Amplitude of oscillation caused by ground undulations Resonance curve compilation for center-of-mass vertical displacement
(data calculated)

Results of vehicle longitudinal inclination (pitching motion) of tanks at the Betonwellenband (undulated track) 2 of the Verskraft
Kummersdorf. The diagram shows the excellent perfformance of the Panther running gear. (The track length was 1 km)
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The shock absorbers could only be fitted inside the hull,
since the interleaved suspension offered little room for the
normal installation of the telescoping shocks. The shock
absorbers were mounted above the second and seventh
road wheel arms to a lever 250 mm long fitted to the swing
arm trunnion on the inside of the hull wall. Original
plans called for installing the shocks on the first and
eighth swing arms, but due to space constraints this was
not possible on mass produced vehicles. The shock
absorbers functioned unilaterally and only cushioned the
downward motion of the road wheel.

The difference in shock absorption effectiveness of the
two arrangements was revealed on a special undulated test
track of the Verskraft in Kummersdorf. The following
amplitude ratios were measured over a distance of 1000 m
(data in parentheses are for series vehicles having shocks
on the second and seventh swing arm): 10 km/h = 220
(330), 40 km/h = 90 (65). The drop in the vertical
amplitude ratios for production vehicles at increased
speeds was attributed to the arrangement of the shock
absorbers. The drawbacks of installing the shocks inside
the vehicle were an increase in the temperature for the

driver and radio operator and a major increase in the stress

on the hollow trunnions of the swing arm. This meant
that the second swing arm could not be manufactured
hollow like the others, since the hollow arm could not
accept the bending and torsional forces from the wheels
without becoming warped. The 420 mm long hollow
swing arm was a special feature of the running gear. The
angled swing arm for the bogie wheel and the crosspiece
hub in which the torsion bar fit were both made of forged
metal onto which the hollow trunnion running into the
tank interior was welded. Teething troubles resulted
when greater demand later brought the Eisenwerke Ober-
donau in Linz into the production process; the wall of the
inner hollow swing arm was of varying strength due to the
hollowing process. The hollow swing arms were a
development of the Grossschmiede Siepmann, Beleke in
Sauerland.

The rear-mounted idler wheel was fitted on a cranked
axle resting in bushings inside the Panther’s hull.
Tensioning the track was accomplished by drawing the
idler wheel axle back using left turns on the adjusting
spindle of the track tensioner.

Via lubricating lines, two centrally-located batteries
provided lubrication to the swing arm bearings, the idler
wheel bearings and the shock absorber pins. The single-
link single-pin tracks (Type Kgs 64/660/150) consisted of
86 links joined together by non-lubricated pins. The track

pins were held in place with spacers and expansion pins,
The specific ground pressure of the track was 0.87 bar.
The developer and manufacturer of the tracks was the firm
of Ritscher, Moorburger Treckerwerke in Hamburg-
Moorburg.

The disadvantages of this type of running gear became
readily apparent during the muddy periods in Russia;
during sudden frost the heavily clogged overlapping road
wheels would become frozen together if the mud had not

been cleaned off beforehand. Shell damage would cause

the bogie wheels to jam together; separating them could
only be accomplished with great difficulty. In addition, a
single damaged wheel often necessitated the removal of
several. For these reasons this technologically advanced

running gear design was never built again following

World War II.

The electrical system had a current of 12 volts. Two 12
voltlead batteries, each having a capacity of 120 or 150 Ah,
were installed in the fighting compartment beneath the
floor plates. The generator with a separate voltage
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regulator provided an output of 700 watts. Cooling air for
the generator was drawn 1in from the fighting compart-
ment through a metal tube. The electrical system was fully
grounded.

In addition to the electrical starter of 24 volts, two other
means were available for manually starting the Panther’s
engine: the crank starter, T'ype AL/RBI/RI or the inertia
starter, Type Al/ZMI (both made by Bosch). These made it
possible to start the vehicle independently of the internal
electrical system of the tank, particularly useful during
extremely low temperatures (a requirement at -40 degrees
C). The inertia starter was a compact design which, like
the electric starter, was fastened to the engine and engaged
the engine flywheel with a pinion. The starter flywheel
was set into motion by a hand crank via a planetary drive
and spur gear reduction having a ratio of 140 to 10,000
1/min. Transterring this stored kinetic energy was
accomplished by mechanically meshing the pinion with
the teeth on the engine flywheel and then coupled to the
starter flywheel by means of disk plates. In order to ensure
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a secure mesh this plate coupling was done in steps, so
that although the pinion was already spinning slowly the
connection was only locked after meshing. If a certain
r.p.m. was exceeded the disks would slip on each other,
thereby providing a way of absorbing the force. Ad-
ditionally, the coupling was also free running, meaning
that when the pinion was overtaken by the engine’s
flywheel r.p.m. during startup the crank starter was
prevented from being radically accelerated by the engine.
After the engine has been started a return spring pulled the
pinion out of mesh.

For the first time ever, an automatic fire extinguishing
system was used in the Panther. If the temperature
exceeded 160degrees C a special extinguishing mixture of
carbon-chlorine-bromine (CB) was sprayed on the
hazardous area for approximately seven seconds. The
system initially functioned quite poorly. The system’s
heat sensors were designed to be cooled by the stream of
mixture. But since the spray nozzles and the sensors were
not held in place by the same mount the sensors were
inadequately cooled and set off another burst from the
extinguisher. A joint mount improved the degree of
effectiveness of the system. Another weakness, however,
could not be rectified. Three heat sensors were insufficient
for monitoring the temperature in the engine compart-
ment. Even 1f there were no fire, the system would
automatically beactivated by the high temperatures in the
engine compartment. This meant that only a reduced
supply was available in case of an actual fire.

The situation was improved somewhat by only having
two extinguisher bottles activated automatically; the
remaining two could be operated by hand.
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The automatic fire extinguishing arrangement made use of a heat
sensor and an extinguisher at the carburetor, at the fuel pumps and at i i

the starter.
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See-through sketch of the turret used on the Panther Ausf. D.

The three-man turret rotated through a full 360 degrees
and supported itself on a carrier ring resting on the turret
bearing race of 1650 mm diameter. It was composed of the
turret sidewalls, the turret roof with commander’s cupola
and the mantelet with main gun and machine gun. On 18
July 1941 a contract was awarded for the developmentof a
cannon with a penetrating force of 140 mm at a distance of
1000 meters. This resulted in the 75mm KwK 42 L./70,
built by the firm of Rheinmetall-Borsig AG in Unterluss.
The vehicle carried 79 rounds of ammunition for the main
gun. The 75mm Kampfwagenkanone 42 L/70 was a
semiautomatic weapon with fired electrically. It fired
solid core ammunition and high explosive shells
(cartridges). The weights and dimensions of the rounds
were: Panzergranate (AP) 14.3 kg, 893 mm long; Spreng-
granate (HE) 11.2 kg, 929 mm long. The targets were
sighted through the Turmzielfernrohr (TZF) 12 having a
2.5x enlargement and a 28 degree field of view. The barrel
was of continuous design witl) a removable breech plate.
It was mounted on and adjusted by the cradle. A batfle was
affixed to the muzzle end of the barrel and acted as a
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muzzle brake countering the recoil of the barrel. During
firing, roughly 70% of the recoil was absorbed when the
shell’s explosive gasses struck against the baffle’s break
plates 1nside the muzzle brake, were directed out the sides
and thereby acted against the recoil moton of the barrel.
The gun could not be fired without its muzzle brake. The
breechblock was mounted on the breech plate as were the
gun sighting mechanisms. The gun barrel was equipped
with a type of dust extractor, operated by compressed air.
The cradle supported the barrel, which also gave it the
direction of fire by the elevation and traverse controls. The
recoll brake was driven hydraulically while the counter-
recoil was pneumatic. The turret basket was securely fixed
to the turret. A slip ring transter was used to relay the
electrical power from the chassis to the turret. The turret
was sealed against the tank hull with labyrinth packing.
The small gap between the carrier ring and the outer
bearing race could be sealed off against water penetration
by a rubber coated metal ring.

During road marches the gun was held in place with a
barrel lock, which folded down onto the forward hull



Turret, right side.

when not in use. The gun was elevated by hand using the
elevating mechanism. The turret traversing mechanism
served to adjust the gun’s traverse and was operated
manually or hydraulically. Hydraulically operated, the
turret could make one complete 360 degree revolution in a
minute.

The pressure needed to traverse the turret was produced
by a hydraulic drive, which was driven by a cardan shaft
from the turret drive. During road marches the hydraulic
drive could be disconnected by a lever from the loader’s
position by means of a jaw clutch coupling mounted in
the same housing as the drive. Manual operation was
accomplished using the hand wheel of the traverse
mechanism, the rotation of which was also transferred to
the shifting clutch via a transmission unit. An auxiliary
drive on the right side of the turret enabled the loader to
assist the gunner when manually rotating the turret. The
hydraulic drive, a Boehringer-Sturm TypeM 48, operated
independently of the engine r.p.m. and consisted of two
vane-type units with rotating housings; they were both of
the same design, but one was driven as the pump and the
other functioned as the hydraulic motor. They were
Joined together in an enclosed cycle by a suction and
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Turret basket, left side.

pressure channel inside a fixed tubular body. Regulating
thedrive r.p.m. of the hydraulic motor, i.e. regulating the
traverse speed of the turret, was controlled by monitoring
the discharge from the pump.

For sighting the gunner used the TZF 12 binocular
sight through two vision ports in the gun mantelet. The
gun elevated from -8 degrees to +20 degrees. On the first
prototypes the commander’s cupola was cut into the left
side wall of the turret. On series production models it was
shifted more to the center of the turret. On older Panther
Ausf. D models a circular communication opening was
cutinto the left turret wall. Additionally, these turretsalso
had a pistol portin each side and rear wall which could be
sealed with a plug. The turret traverse indicator ring dial
in the Ausf. D had two numbered gauges; the left one was
divided from 0 to 12 on the inner scale and 0 to 64 on the
outer scale. It served for coarse adjustments. The right
gauge was had a linear division from 0 to 100and was used
for fine adjustments. The turret basket on the Panther
Ausf. D consisted of angle iron and plating. It functioned
as the floor plate for the gunner and loader (each havinga
space of 570 mm). The commander’s cupola was com-
prised of a cylindrical housing, the aperture block, the



Turret basket, right side.

hatch and the clock-dial turret traverse indicator with
control adjustor. On some vehicles, multiple smoke
grenade dischargers were fixed to both sides of the Panther
Ausf. D turrets. Later, a close combat weapon, or
Nahverteidigungswaffe, was installed in the roof of the
turret. This weapon could fire the Nebelkerze 39 smoke
grenade, mortar rounds, smoke markers orange 350 and
Leuchtgeschoss R star shells.

For selt defense the Nahverteidigungswaffe could fire
2.6 cm HE shells through the use of a flare pistol. These
had a range of 7 to 10 meters and would detonate 0.5 to 2
meters above the ground; the fragmentation effect reached
to 100 meters.

The initial Panthers were equipped with a simplistic,
ball-shaped muzzle brake for the main gun.

5100 rounds of 7.9 mm ammunition were carried in the
tank for the two MG 34 machine guns. In the Ausf. D the
radio operator fired through a hinged flap instead of an
integral ball mount. The vehicle carried a crew of five.

Whereas the Pzkpfw II, III, IV and Tiger tanks carried
the crew’s baggage in a compartment on the rear of the
turrets, the stowage boxes on the Panther were mounted
on the right and left of the outer rear hull wall.

Turret traverse drive with oil pressure pumps.

Exterior view of turret with plugs for pistol port and communications
hatch. Immediately below the turret can be seen a hole where a shell
had penetrated the armor,




Details of the Panther
turret interior on an early
version. The commander’s
seat is to the far left.
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The interior of the Panther turret shows the openings for
both the pistol ports and communications. The twin gauge
for the turret position is just below the pistol port.

On the Ausf. D there were

still twin gauge dials for
the turret traverse drive.
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At this point it is necessary to devote a few paragraphs
regarding the development of armor up to this time.

The First World War saw the birth of armored vehicle
development; the so-called ‘‘skeleton’’ design used in
these early vehicles continued in nearlyall armor-building
countries until well into World War II. This construction
method involved riveting or bolting commonly found
thin armor plating (6 to 20 mm) to a framework of riveted
and/or bolted flat and angle irons which corresponded to
the outer form of the vehicle. Such a design meant that the
plate edges had to be accurately machined with regards to
shape and mitering in order to provide seamless blending
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of the plates. Because of the inadequate strength of the
tool metals at that time the tensile strength/temper of the
armor plating had its limits. The internationally used
high alloy metals having a mixture of chromium, nickel,
tungsten and molybdenum could therefore only be
tempered to a tensile strength of roughly 100 to
120kg/mm?2

By 1918 the Deutsches Reich had officially produced
only 20 ““A 7 V" combat tanks (as opposed to more than
6000 Allied tanks), which had resulted in no new
developmental thinking. If the Versailles Treaty pro-
hibited Germany from any type of armored vehicle, it
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could not stop the Reichswehr and its ministry from flat contours, or thin plating), it became necessary to
making thorough studies of the world’s tanks being organize an armor development program for military
developed after 1918. From these studies there evolved the applications in light of the tank experience gained. This
technical improvements which were to find their expres- began initially with plate thicknesses of 5 to 13 mm of steel
sion in the first German armored vehicles — the Panzer- having a reduced chromium and nickel content and also
kampfwagen LaS and LaS 100 (later the Pzkpfw I and II) with little tungsten. This resulted in a tensile strength of
and the Rad-Panzerspihwagen (wheeled reconnaissance 180 kg/mm? once carbide tipped tools (Widia) were
vehicle) Kfz 13 and 14. introduced in the manufacturing process. However, the

Since Germany’s experience with armor up until around big success here was in finding a way to make a ‘‘shell-
1932 involved only naval applications dating back to proof’’ seam using edge welding, thus making the entire
1918, then with metal helmets and protective shielding ““skeleton’’ construction superfluous and bringing about

(meaning primarily large surface thick plates of nearly an armor weight reduction of 5 to 10 per cent — a very
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significant savings indeed. It also dispensed with
thousands of rivets and bolts, which in combat were torn
away 1n great numbers with every hit and posed a danger
both to the crew and to the sturdiness of the vehicle.

It must be emphasized here that from the very beginning
Germany only built tank bodies using the welded type of
construction, justas from the beginning only electric steel
was permitted in the melting process. By 1945 numerous
improvements had been made which had been worked out
and introduced on the initiative of the Panzerabteilung in
the Heereswaffenamt of the OKH, WaPrtif 6 I1. Under the
direction of Oberregierungsbaurat Dipl.-Ing. Walter Rau,
- the Panzerabteilung initially worked in conjunction with
first one, then four, then seven and finally 18 steel mills

and 18 steel foundries in addition to several specialized
firms.

By 1945 the precarious supply situation of critical alloy
materials facing Germany resulted in a program of
intentional systematic reduction of nickel, tungsten and
molybdenum in the composition of armor steel. Given a
thickness range of 5 to 13 mm the resistance was reduced
from 180 kg/mm2 to approximately 150 kg/mm?, since
with regards to toughness (i.e. protection against
breaking) it was more beneficial to have a resistance
strength between 120 and 150 kg/mm2. Throughout the
entire thickness range — the upper limits of which
remained conformal with the ever-increasing anti-armor
calibers and shell types to a maximum of 250 mm — first
nickel-free and then low alloy steels were introduced in
compliance with carefully determined heat treating
methods in the smelting of this ‘“‘standard’’ steel for all
plants. Depending on the gauge, the resistance varied

A period document, which — better than most others —illustrates the prevalent conditions of the time. It reads: Announcement:
Reichsminister Speer, of the Reich Ministry for Armament and Munition, has permitted a cost-free special deli very of pickled sardines to our
establishment. Approximately 1 kg may be distributed to each German employee (including youth) from the shipment which has just arrived.

- In order to conduct the distribution in the most expedient manner possible, it is necessary that the employees bring their own wrapping paper
from home. Time and location of distribution will be announced in the individual departments.

This donation should give us a renewed incentive to devote ourselves to fulfilling our assigned responsibilities.
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between 150 to approximately 100 kg/mm?2 With only a
minimal drop off, the quality of steel remained at this
level up until the end of the war with regards to physical
composition and protection against shell damage; the
deliveries of tank bodies to the assembly plants also
continued at a nearly uninterrupted pace. Temporary
changes in the alloy content, the rapid transter of ex-
perience data and the elimination of errors by one or the
other manufacturer, as well as bridging problems caused
by war damage — all these were only possible because the
producers of armor steel as well as those manufacturing
cast armor were part of a “special’”’ committee under the
direction of Dir. Dr. R. Scherer (DEW Krefeld) or Dir. Dr.
K. Roesch (BSI Remscheid) which worked in close con-
nection with the WaPruf 6 I1. This office had the final say
inauthorizing and clearing material for the army’s armor
programs.

A significant reduction in work time, costs and waste
was attained by 1944/1945 as the machine cutting of
armor pieces was virtually completely replaced by a
mechanical process of autogenous flame cutting. This
initially began using oxyacetylene cutters but then
switched to natural gas-oxygen for the cutting of all outer
and inner contours — thereby both reducing the costeven
further and providing a greater measure of operational
safety. Even cuts on extremely thick armor pieces were
made without difficulties using this method.

A prerequisite for this approach was ensuring that the
edges which butted up against the ‘““armor weld’’ seams
were overlapping and notched; this technique deviated
from the normal type of weld joint used 1n civilian steel
construction. The strength of the weld and protection
against shells was achieved by a two-way support of the
armor pieces, so that only roughly one-quarter of the area
in contact required welding. The stress load on the welds
of the armor pieces (the thickness of which was constantly
increasing) was alleviated through the use of tooth and
mortise joints. Further progress was made insofar that the
original ‘“‘shellproof’’ weld joint, comprised of three
different weld layers, was replaced by the previously
mentioned ‘“armor weld seam’’ which only required a
single integral welding electrode. This austenitic type of
electrode delivered an exceptionally tough and solid weld
which held together even under a direct hit and made
possible the joining of armor plating with cast armor
pieces.

For several years the manufacture of face hardened
armor parts remained important, until their additional
protective effect over that of homogenous armor parts was
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overtaken by increasingly more powerful ammunition.
The method used for naval armor until well into the 1920s
was to coat the exterior of armor plates (for roughly 10% of
the total plate thickness) with a high carbon content
exceeding 1% which, depending on tempering, delivered a
high degree of hardness of approx. 58 to 62 Rc in the main
cross-section of the plate, giving 100 to 110kg/mm2 This
was invented and called powder cementation by Harvey
(USA) and further improved by Krupp. But the required
recarburizing time of approximately 24 hours per 1 mm
harder layer was only practical for naval purposes and was
not practical for mass production of armored vehicles.

Even the somewhat less time-consuming method of
recarburization with natural gas was not adequate. Truly
perceptible progress was only reached in 1935 when,
under the direction of the Heereswaffenamt/WaPruif 6 11,
the firm of Peddinghaus-Gevelsberg 1.W. succeeded in
developing linear torches for natural gas-oxygen to a
width of 1500 mm. Coupled with a follow-on rinse, the
corresponding face hardness was achieved as with the
cementation process — only now in the same amount of
output per minute as previously had been produced in
hours. This flame hardening, also called the O.h. process,
could provide armor thicknesses of up to 100 mm with a
hardening depth of 10 to 20 mm. However, for manu-
facturing plants which did not produce their own steel,
1.e. didn’t have their own supply of natural gas, the
electro-inductive surface hardening process was developed
at around the same time. This used either medium or low
frequency current, depending on the thickness of the
material, and to a certain extent was even more efficient
than flame hardening. Both processes were effective on
even very heavy pieces. The technological advantage in
shell protection/armor thickness was remarkable notonly
primarily against standard armor shot, but also against
small caliber solid core projectiles, and remained so until
the advent of the hollow charge round. Finally, the
progress attained in armor body structure is worth
mentioning not only because of the shell protection it
atforded, but also because of its importance to a more
economical production output.

Continuing on from the self-supporting welded con-
struction design, a lower piece (or hull) was joined to the
body along with the one or two superstructure armor
pieces bolted on. On this rested the traversable turret or,
on Jagdpanzer and self-propelled vehicles, the fixed
superstructure. The elimination of the undesirable bolting
of the main components was achieved by use of manu-
facturing equipment for rotating the vehicle and for
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component welding. In doing so, the nearly vertical glacis
as found on the Panzerkampfwagen I to IV and even the
Tiger Ausf. E was finally dispensed with (although the
latter tank utilized welding instead of bolting for the front
plate). It was now possible to produce a continuous sloped
glacis such as on the Panther, Tiger Ausf. B, Jagdpanther
and Jagdtiger. Unfortunately, the timely conversion to
this type of form was dependent upon the senior-ranking
leaders, who forestalled the ongoing conversion of
manufacturing facilities and the establishment of the
necessary equipment at a critical juncture. One could get
the impression that the necessity for this improved body

form was only felt by the Germans after the appearance of
the Soviet T-34.
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Principle of toothed interlocking for armor plating.

However, those who understand the time span required
for changing over to such a fundamental type of con-
struction and machining materials will also know that the
interval between the T-34 and the Panther was too short
for spontaneously implementing such a conversion. In
reality, the necessary detail studies had been conducted
long beforehand, so that the results were ready for
application once the T-34 made its appearance.

As a result of previous research, the principle of spaced
armor was employed by the Germans beginning in 1942.
At certain critical points ‘‘supplemental armor’ was
placed with a space separating it from the integral armor
of the vehicle and acted as a counter to hard core armor
piercing and the later hollow charge projectiles. Spaced
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Principle of mortise interlocking for armor plating.

armor was commonly found on the Pzkpfw III and IV; the
latter, along with the Sturmgeschiitz assault guns, the
Panther and the Tiger, also made use of protective track
armor called Schiirzen (skirts). With the exception of
Schiirzen, the Panther and Tiger tanks did not utilize any
other type of spaced armor, since from their inception
their armor already provided the greatest protection then
available, namely the equivalent of 150, 200 and in places
250 mm. Although it was a makeshift application, the
supplemental spaced armor — whether made from simple
steel plating or even wire mesh, or the later armor plating
— proved extremely effective against hollow charge

projectiles and magnetic charges and produced an abun-
dance of valuable knowledge.
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-a multi-layer arrangement of crystal glass plates in
hicknesses of 4+20+20+20+4 mm. Together with two soft
plenglass plates the block was 70 mm thick. A 10 mm
thick inner plate was set 10 mm behind this 70 mm glass
block. The resulting hollow space was designed both to
trap glass fragments before reaching the crewman'’s eyes
when the outer block was destroyed as well as to prevent
the block from misting up. The “Glasblock 90", with its
70 mm front combination, was shell-proof against pointed
steel-core armor piercing rounds. When enclosed in an
armor steel “box” the observer was protected against
angled shots. The “Glasblock 90" (with frame) could
easily be removed and replaced by releasing a “‘beer bottle’’
type clasp.

On 3 February 1943 Henschel reported that only 44 of
the planned 201 single-radius epicyclic steering units had
been manufactured, an announcement which seriously
jeopardized Panther output.

A telegram sent by Kroemer (the individual responsible

- for the Panther program at the Speer Ministry) to Henschel

on 8 February 1943 is indicative of the hectic pace
prevalentduring the production start-up phase: “Why are
only five February vehicles on the assembly line when ten
were to have been produced in February? Why were the
five January vehicles not accepted and delivered by 7
February as agreed, and when will this now take place?”’

Henschel blamed the delays on problems with the
delivered component parts. Additionally, it was hardly
possible to assemble vehicles when the plans for the
supplied components are received the month following
the delivery date. Of the five Panthers in the road test
department, three of them had been brought up to the
latest standards and the other two were still in process.
During road tests, however, the first three vehicles were
revealed to have so many defects that none of them could
be accepted.

A conference at MAN on 5 February 1943 resulted in a
decision that sometime after the 17th MAN Panther was
completed the clutch-and-brake steering would be
replaced by the single-radius epicyclic steering unit. At
this time the hull deck was still uneven to the point that
each separate turret required individual, precise fitting,




either by adjusting the bearing race carrier ring or by
inserting a large spacer ring between the turret and race.

The development of a rotatable and tilting driver’s
periscope was to be undertaken at all costs.

The Maschinenfabrik Augsburg-Nuirnberg agreed to
produce five tank turrets in February of 1943 for the
planned Panzerbefehlswagen (command tank) Panther,
with another seven to follow in March.

In a longer meeting on February 16th, 1943, the subject
was broached as to whether Italy should license-manu-
tacture either the Panther I or the planned follow-on
Panther II.

Itappeared, then, that a follow-on model to the Panther
had already been anticipated even though the start-up
difficulties of the Panther I had in no way been eliminated.
It was planned, in the spirit of mutual cooperation with
[taly, to have that country send manufacturing teams to
Germany while Germany, on the other hand, would send
certain teams to Italy for the optics, electrical systems, etc.
Another proposal was to simply deliver completed tanks
to Italy in exchange for gun barrels and armor plating.

It was determined at a meeting in the Italian War
Ministry in Rome on 22-24 February 1943 that Panther
production would begin one year after Fiat-Ansaldo
received the plans. This would allow Fiat to reach a
monthly maximum output of 50 vehicles 18 months
hence; as soon as a batch of more than 25 tanks had been
builtin a month it was to be delivered to Germany. At this
point in time Fiat had much of its machinery out of
operation. The Italians were made aware that beginning
in the autumn of 1943 production of the Panther II was
scheduled to begin. The Italian General Staff indicated
that it was in agreement with the German proposals, but
nothing more resulted from the plans to manufacture
Panther tanks in Italy. MAN was also directed to supply
Japan with a complete set of plans and an sample vehicle
for the purposes of license-manufacture. However, as with
the Tiger tank the war situation prevented the Panther
from being delivered. Rheinmetall announced on
February 18th 1943 that, according to schedule, a turret
traverse drive linked to the engine r.p.m. and a simplified
elevation control would be installed in all vehicles after
number 851 from July 1948 on. In addition, a decision was
reached to produce the new commander’s cupola with
periscopes from cast steel armor. It was strengthened to a
minimum of 100 mm thickness, and the plans for the new
cupola were to be delivered to the tank manufacturing
firms by February 27th, 1943. Durjng a demonstration for
Minister Speer on 21 February, twelve Panthers with

86

clutch-and-brake steering were supplied to the troop
training grounds at Grafenwéhr. Speer criticized the hard
steering, since apparently the steering brake gripped too
soon. Both standing and towed targets were fired upon,
butdue to inadequate turret ventilation only a few rounds
could be fired when the turret hatches were closed.
Nevertheless, both the minister and the troops appeared
enthusiastic with the overall conception of the vehicle.

In March of 1943 a contract was awarded by the
Heereswaffenamt/WaPriif 6 to J.M. Voith GmbH in
Heidenheim (Brenz) for the development of a hydro-
dynamic transmission for the Panther and Tiger tanks.
This transmission was to be installed in place of the
mechanical and semi-automatic transmissions previously
used, would occupy the same space and would be coupled
to the existing steering units. Performance was rated at
650 metric hp, with a maximum speed of 45 km/h. The
transmission consisted of two torque converters, the
filling and draining of which operated the converters and
acted as the shifting process. The torque converters could
be run in four gears in conjunction with a mechanical two
gear transmission. The two-way shifting involved the
power flux of each converter being transferred to the gears
in the transmission in such a manner that when one
converter was filled and in operation, the gear change of
the non-operating converter was carried out load-free by
engaging mesh couplings. The actual shifting took place
without an interruption in the drive power.

All design plans and manufacturing documents were
prepared for this hydrodynamic drive. However, the
practical use of the transmission was anticipated for the
E-series tanks, for which a hydrodynamic transmission
had been planned from the very beginning. This would
make possible a more favorable, integrally suitable drive,
Development was carried out under the Voith codeword
“Panta.”

The planned development of a hydrodynamic trans-
mission for the E-series Type E 10and E 25 tanks involved
the transmission and steering unit, together with the
cooling system, being formed into an integral, compact
unit mounted in the rear of the vehicle. The Voith
codeword for this program was ‘““Arta.” Parts for a
prototype edition were being manufactured by the war’s
end.

On 23 March 1943 in Nuremberg MAN, together with
representatives of the industry, determined the scope of
modification work which would be undertaken jointly at
the Reichsbahn facility in Berlin-Falkensee (which had
the requisite heavy lift equipment and machinery). Among




other things, the most significant changes would involve:
installation of two new air exhaust pipes in the engine
compartment, replacing the fuel lines, replacing the fuel
tanks having defective weld seams, improving the lubri-
cation of the planetary gears in the steering mechanism,
installing new spur gears and pinion gears (double gear
with module 12) in the final drive, changing theattaching
method for the drive sprockets, changing the attaching
method for the brake housing, replacing the track pins.

The second and seventh swing arm were to be replaced
by a stronger type. The torsion bars on the first ten
vehicles (MAN 6, DB 2, MNH 1, HS 1) were to be replaced
because the wedge surface points did not correspond to the
latest version. In case the necessary changes had not yet
been made to the transmission, these were to be undertaken
by the firm of ZF. The single-radius epicyclic steering
units installed in the series models of the Panther had
defects which stemmed primarily from poor oil seals.
These were to be eliminated by design changes to the
housing and installation of new oil gaskets.

All companies participating in the manufacture of the
Panther were compelled to send foremen and mechanics
to Berlin-Falkensee for the modifications in order to make
these vehicles suitable for front-line action as quickly as
possible. The rebuilding contract in the Reichsbahn
Berlin-Falkensee repair facility was awarded by the
OKH/Heereswaffenamt WuG 6 and lay in the hands of
Demag Fahrzeugwerke GmbH. Daimler-Benz received a
contract from the Heereswaffenamt for the technical
supervision of the undertaking as well as advising the firm
of Demag in all pertinent commercial matters.

On 31 March 1943 Henschel was informed that MAN
and MNH were to make the changes in the steering units
on the vehicles which they themselves delivered, while
Henschel was responsible for the single-radius epicyclic
unitsinstalled by Daimler-Benz as well as their own units.

The loss of mechanics to the planned Falkensee re-
building program posed serious problems for all facilities
involved since there was a shortage of skilled labor
everywhere. The demand for the replacement parts needed
for the program had reached such a high level by mid-May
1943 that it dangerously affected the production at in-
dividual plants. The organization of the rebuilding
program left something to be desired; improper disas-
sembly rendered many parts unusable. There was no
division of vehicles based on manufacturer. Of the 108
Panthers in the Berlin-Falkensee Reichsbahn repair
facility, only five were ready for delivery on the scheduled
deadline date. Additionally, some experts felt that the

quality of the overhauled vehicles suffered from care-
lessness.

For various reasons many of these collected Panthers
suffered breakdowns, as did a large number of vehicles of
Panzerabteilung 51 and 52 at the Grafenwéhr troop
training grounds. Once again, the manufacturers were
called upon to give up mechanics and technical personnel
to provide assistance to the troops. At the end of May in
1943 Hitler was made aware that the Panther was still
sutfering from teething troubles. It would have been risky
to deploy these vehicles in the Southeast (Greece), since
problems there could not be alleviated as rapidly as in
front areas closer to the Fatherland.

The single-radius epicyclic steering repeatedly proved
to be a bottleneck and even temporarily brought pro-
duction to a standstill at a few manufacturers. In order to
overcome this obstacle as quickly as possible it was
arranged that MIAG would deliver five of these units in
August 1943 and 25 in September. At the beginning of
June 1943, Henschel began using a Panther Ausf. D for
submersion trials at the Haustenbeck testing grounds
(Sennelager troop training grounds). The bracket mounts
for the side skirts turned out to be too weak and broke off at
the weld joint. When the vehicle entered the water the
skirts bowed out from the water resistance. The sub-

- mersion trials, which began on 18 July 1942, showed that
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the vehicle developed numerous leak points.

In mid- June 1943 one Panther each was delivered for
tactory trials to the firms of Maybach in Friedrichshafen
and the Stiddeutsche Arguswerke in Karlsruhe.

Difficulties were also encountered with the key slot
connection in the yoke of the torsion bar. Both torsion
bars were joined together by a yoke on the side opposite
that of the road wheel arm. Inside this yoke the two
retaining cylinders were forced against a ring facet over a
shim and a retaining brace. The open end rings and their
connecting piece were designed too weakly and over time
became loose, giving way to the pressure of the retaining
shim. Once the connecting piece and the ring ends had
been strengthened the problem with the shims becoming
loose was corrected.

On 1 June and again on 15 June 19438 Generaloberst
Heinz Guderian, in the capacity of his role as General-
inspekteur der Panzertruppen, paid a visit to both Panzer-
abteilung 51 and 52 at the GrafenwShr training grounds.
He examined his problem child, the Panther, the final
drive and engine of which still displayed serious de-
ticiencies. Of the roughly 200 Panther tanks already
produced, only 65 had been accepted as technologically



sound. In order to 1llustrate the time pressure under which
the Panther was developed it should be pointed out that
work on the assembly machinery (such as fixtures, etc.)
began at almost the same time as they were being
designed, i.e. there was very little time lag between design
and implementation, and with the individual components
already built and awaiting final assembly. All this at a
time when a test vehicle had yet to be completed or had
even begun trials. Roughly two months later, after the test
vehicles had been finished, work began on production at a
rapid pace. This meant that in the final assembly stage
subassemblies which had been delivered from outside
agencies were constantly having to be removed, modified,
and reinstalled again. This with a work day of approx-
imately 12 hours. The decision was reached, therefore, to
modify the vehicles at the Grafenwohr training facility.
There the individual subassemblies were removed and
modified as far as possible; it was, however, necessary to
send some subassemblies to the manufacturer, where they
were modified, shipped back to Grafenwéhr and re-
installed.

The Reichsbahn repair facility in Weiden was re-

sponsible for riveting the rims on the road wheels. MAN

was required to completely redesign and manufacture the
mountings for the optical sights. Under the direction of
the labor teams, the soldiers of both Panzerabteilungen
were heavily involved in the modification work.

On 16 June 1943 Guderian presented Hitler with his
thoughts opposing the scheduled upcoming deployment

* On 11 May 1942 the Panzer-Panther-Kommission gave the green light
for the construction and series production of the Panther combat tank.
This act, unique in the history of tank dewlﬂp:_nent, led to serious
problems shortly following the beginning of series production. The
Panthers already assembled were taken apart at the Reichsbahn repair
facility in Berlin-Falkensee, where the sub-assemblies were overhauled
and re-installed. When new difficulties cropped up with the Panzer-
abteilungen 51 and 52 at the Grafenwdhr troop training range, these
Panthers were overhauled a second time.
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of the new tank in Russia since the Panther, which due to
time constraints had not been tested, was not yet ready for
frontline operations. He was, however, overridden by the
Reichsministerium fiir Riistung und Kriegsproduktion
— which had certified the tanks fit for combat — and
Panther operations were therefore ordered by the General-
stab des Heeres (General Staff of the Army).

The Boehringer firm'’s hydraulic turret traverse was also
built by the Schnellpressen-Fabrik Frankenthal beginning
in April of 1948.

The following vehicles were assumed by the “Adolf
Hitler Armor Program” in April 1948, set up to ensure
that the troops were equipped with armored vehicles:

— Tanks without armament and accessories, but in-
cluding special equipment for radio and optics according
to specifications. with supplemental replacement parts
Priority Wehrmacht Contract Number 4911

— Sturmgeschiitz and Panzerjiger vehicles, minus
armament and accessories but including special equip-

ment for radioand optics. with supplemental replacement
parts

Priority Wehrmacht Contract Number 4912

— Armored 3-ton Zugkraftwagen (Sd.Kfz.251) including
supplemental replacement parts.

Priority Wehrmacht Contract Number 4914

— Guns for above vehicles according to specifications
Pak 40 and 43, with supplemental replacement parts




Priority Wehrmacht Contract Number 4915

A decision was reached on April 29th, 1941 that the
Panther I would not only be builtas a tank (Kampfwagen),
but also as a Panzerjiger, or tank destroyer. The develop-
ment of the Panther II, begun in February 1948, was
continued. The use of skirts gave the side armor a
significant improvement in shot penetration protection,
so that even though the side plates on the Panther I were
only 40 mm thick this was considered adequate protection.
Feasibility studies were undertaken to determine the
possibility of increasing the glacis armor to 100 mm; this
would give a weight increase of roughly 0.5 tons.

A decisive factor in the decision to switch to the Panther
II model was the practicality of using all-steel road
wheels. If these could not be utilized on the Panther I a
more rapid conversion to the Panther II would be
necessary. The Heereswaffenamt/WaPriif 6 accelerated
the road test program for the all-steel wheels. The all-steel
road wheels increased the vehicle’s weight by approx-
imately 2 metric tons. According to available calculations,
with all-steel road wheels the Panther I would weigh
nearly 46.5 tons and the Panther II 52.5 tons. Panther I
Panzerjager studies caused a minordelay in the production
output at Daimler-Benz.

The importance of supplying the front-line troops with
the Panther was manifest in the production program,

which proscribed that from May 1943 onward a production -

rate of 250 Panthers per month was to be achieved.

Henschel announced on 3 May 1943 that by May 12th 50
Panthers would be delivered. Hitler determined on May
4th that no significant defects had turned up during road
tests with the first two Panther test vehicles. As is so often
the case, all problems first appeared when the troops
began receiving the initial mass-produced vehicles. He
recommended that in the future the practice of building
individual vehicles for testing purposes be stopped, since
there was the possibility that these might be manufactured
with greater care and increased work effort — meaning
that these vehicles could endure greater wear and tear than
series-produced tanks.

In May of 1943 there was thought given to utilizing the
Panther as a flame thrower. A single-wheel trailer was to
be developed which would hold the flame fluid. Testing
for this design was conducted with a Panzer I11. A second
type of “flame fluid’’ trailer with two wheels was shelved
for the time being. The firm of Wegmann in Kassel was to
research whether the Luftwaffe had a generator of roughly
30 kW available which would provide power to the
electro-pump unit of the Schwade company. It was
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planned to mount the nozzles on the forward track
sponsons.

In the Speer Ministry, Hauptdienstleiter Saur was
forced to acknowledge that, instead of the 308 operational
Panthers promised by 12 May, he could only report 100
vehicles ready at the most. He feared that Hitler might lose
taith in the Panther program and fundamentally alter his
previous disposition for operations. This would have to
be prevented somehow, since in Saur’s opinion the
Panther was better than the Tiger. The conversion of 16
Panthers from the clutch-and-brake steering to the single-
radius epicyclic steering required approximately 1000
man-hours per vehicle. MAH felt that it was not in a
position to carry out this program alone.

On 15 May 1943 Henschel was instructed to produce the
last 70 Panthers of its contract as Bergepanthers (armored
recovery vehicles). Beginning with the 851st vehicle
(Panther Ausf. A)it was planned to make use of a new type
of turret.

Problems with the gun elevation drive were encountered
as a result of a new requirement that the Panther also be
able to drive cross-country with its barrel unlocked. The
firm of Wegmann discovered a short-term solution which
proved effective.

An exchange of letters took place on 28 May 1943
between the Zahnriderfabrik Augsburg (senior manager
Johann Renk) and the Maschinenfabrik Augsburg-
Nirnberg. It concerned the development of a hydrostatic-
type steering unit* for the Panther. The Zahnrad-
fabrik/Renk expressed its amazement that MAN was
already in possession of all the basic knowledge necessary
for the design of such a steering unit even before the
beginning of discussions. At the first meeting MAN aired
fundamental doubts about the function of this type of
steering unit, and several times Renk was constrained to
explain its operating characteristics. Since the first
attempts to drive a filler pump from the engine r.p.m.
were failures, Renk came up with the idea of installing an
additional filler pump in the system. Renk wrote to MAN
concerning this: “when we informed you of this solution,
you expressed your amazement at the simplicity and
etfectiveness of this method we encountered. If these
problems had been corrected earlier, you most certainly
would have been inclined to share your knowledge and

experience with us in order to reach our goal as quickly as
possible.”’

* The first constant hydrostatic controlled differential steering was

utilized for the steering drive in the years 1939-1940 in the French B2
tank.



Independent of testing initiated by MAN through the
patent office, the firm of Renk claimed the right to free
joint utilization within the scope of the patent petition
Renk had already submitted.

In 1943 the Maschinenfabrik Augsburg-Ntirnberg and
the Zahnriaderfabrik Augsburg eventually formed a
partnership for developing and manufacturing hydro-
static steering units to be used in full-tracked vehicles over
9 tons total metric weight. The production facilities for
manufacturing the steering units was to be set up in
Marktredwitz. A hydrostatic steering mechanism was
developed for the Panther which was fixed to a block
along with the transmission. The power from the engine
was transferred viathe transmission to a bevel gear drive. A
critical element of the shifting process was a hydrostatic
oil drive with an axial-piston high pressure pump and a
dual motor. Via a pitman shaft, this unit regulated the
revolutions of the steering mechanism’s planetary gearing,
which in turn controlled the track speed. The drive power
was relayed from the engine through the transmission to
the hollow gears of the steering unit’s two sun-and-planet
gear drives. The planetary gears, which were driven by the
inner-toothed hollow gears, rotated around the non-
moving sun gears and set the planetary gear carrier in
motion. Via the final drive, this in turn provided the
power to the tracks and drove the vehicle.

When steering, the oil motor (in this case dual) drove
the sun gears of the sun-and-planet drives in opposing
directions. This caused one of the planet carriers to be
driven faster, the other one slower. With the planet

carriers one track ran faster and the other slower — thus
steering the tank.
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Since the oil motors’ r.p.m. could be continuously
changed when steering by regulating the oil pump, the
vehicle was capable of performing infinitely variable
turns.

With the hydrostatic steering unit, the following driving
features were possible:

— straight driving, stable;

— 1nfinitely variable turning radii in each of the trans-
mission’s gears;

— turning on the vehicle’s axis

The axial-piston high pressure pump was driven by a
shaft from the engine by the engine’s r.p.m. If it were
rotated to a certain angle, the axial piston stroke would be
altered correspondingly and with it the pressure oil
volume output. The secondary piece, in this case a dual
motor, consisted of two axial-piston units fixed at a
constant angle, to which the required pressure oil from
the axial-piston high pressure pump was fed. The tank
driver used a steering wheel to control the axial-piston
pump’s rotation along its cross axis. The amount of
pressure oil fed depended on the pump angle. Since the
motor’s r.p.m. was proportional to the output volume, it
could be continuously varied. The dual motor’s direction
of revolution could be reversed by changing the oil flow
direction. Via a bevel gear pair the dual motor gave the
neutral shaft a positive or negative revolution and, within
a certain range, made possible an unlimited control of
r.p.m. With its own r.p.m. the neutral shaft operated the

Continuous hydrostatic steering mechanism. Null shaft and twin
motor can be seen in the foreground to the right.
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sun gears of the left and right planetary drives in the
steering mechanism against each other. In doing so, it
provided the planet carriers with varying revolutions and
enabled virtually unlimited turning radii with gears
engaged in the transmission. The torque acting on the
neutral shaft was also effective in the opposite direction of
rotation. The same direction and speed of rotation of both
planet carriers was achieved by blocking the neutral shaft
from the opposing torque acting upon it.

This input was provided by the fixed deviation of the
secondary part’s two axial-piston units.

When driving straight the high pressure pump was put
into neutral, yet in this position continued to function.
The torque acting on the dual motor was checked by its
axial pistons via the inactive oil shafts. Since both planet
carriers therefore had the same direction and speed of
rotation, the speed of both tracks was the same and the
vehicle proceeded in a straight line. With the vehicle at a
stop and the transmission in neutral, the steering wheel
was used to rotate the axial high pressure pump driven by
theenginer.p.m.;in turn the dual motor relayed — via the
neutral shaft — an equal but opposing torque to the sun
gears. Dependent upon the same dimensions of the
planetary drives, the planet carriers transferred this cor-
respondingly equal but opposing torque to the final
drives. The speed of the outer track was therefore the same

as that of the inner track — only in the opposite direction -

— and the tank could be rotated on its own axis. The
design of the hydrostatic steering unit permitted a smooth
transition from one driving state to another. Steering
brakes and other similar arrangements, which had a
relatively high amount of wear and tear and frequently
required adjusting, often caused great difficulties in
steering. With the hydrostatic steering mechanism, these
were no longer necessary.

One of these units was installed in a Panther in August
of 1944. During the subsequent thorough evaluation by
the Verskraft in Kummersdorf a whistling tone was noted
after a period of operation. This indicated that air was
escaping from a pressure point in the pressure oil system.
Shortly following the tone the vehicle lost its steering
capability. The bleed-off pump would have to be given a
greater capacity. The steering mechanism (MAN,
Handradlenkung Argus, Teves and Daimler-Benz, an-
ticipated manufacturers) was never put into full-scale
production.

In August 1944 the design bureau of MAN was busy
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transterring to the Osterreichische Automobilfabrik AG
in Vienna. There it would also undertake prototype
manufacture as well as the construction of pre-production
models.

In a written statement from 25 June 1943 to the
OKH/Heereswaffenamt/WuG 6, Henschel declined the
acceptance of Bergepanther production and pointed out
that in the first half of August 1943 the initial Panther
series (Ausf.D) would be terminated; the manufacture of
the second series (Ausf. A) would have to be initiated
during the course of the same month. According to MAN,
this was to include various changes, including installing a
ball mount for the radioman’s machine gun, changing the
arrangement in the fighting compartment and changing
the ammunition storage.

In Operation ‘Zitadelle’’, which began on 5 July 1943
in the Kursk region, Panther Abteilung 51 and 52 (total of
192 tanks) were formed into a single Panther brigade and
subordinated to the Army Group South. With its two
Abteilungen, Panther Brigade 10 suffered serious losses in
a minefield at the outset of operations. By the evening of
the first day of operations, only 40 of the original 192
Panthers were still combat ready. Many others fell into
enemy hands during the subsequent retreat after me-
chanical problems and lack of recovery vehicles rendered
them immobile. Many Panthers were blown up by their
own crew. The first Panther was destroyed by fire at the
end of June while on its way from the Grafenwéhr troop
training site to the train station there to be loaded. This
was to occur frequently during operations.

Since it was found that the submersion seal installed in
the turret bearing race caused the turret to become stuck, it
was removed during the Kursk operation after the turret
had been lifted off the superstructure.

The crews had hardly had time to become acquainted
with their new equipment; due to the shortage of available
time their training had been cut short. In many cases, too,
there was a lack of the necessary combat experience. Thus
it was that the use of factory fresh and untested Panthers in
Operation Zitadelle (which ended on 13 July 1943) became
a tragic chapterin the history of the German Panzertruppe.

During Panther operations in the Kursk region, Major
Dipl.-Ing Icken from the Inspekteur der Panzertruppe in
Berlin visited Panther Abteilung 51 and 52 and tele-
graphed to the Generalinspekteur der Panzertruppe the
first unhappy news from the battlefield on the low
number of Panthers still in operation. This report was



The Panthers of
Panzer Abtei
ilungen 51 and 52 seen being loaded in June 1943 {
or their first operatio
ns.
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Most of the tanks used in the Panther’s first operations had to be
abandoned due to mechanical breakdowns and, since there was no
adequate recovery equipment, were blown up by their own crews as
they retreated.

The 18 ton half-tracks
were only able to recover
damaged vehicles in a
train of three,




initially discounted by the Operations Department in the
Fiihrer's headquarters, then later was confirmed. On 10
July 1943 Guderian paid a call on the two previously
mentioned Panther Abteilungen in the Army Group
South area of operations near Bjelgorod and confirmed
his fears regarding the Panther’s lack of readiness for
front-line operations. One must take into account the
political climate which induced Guderian to send the
following letter to Speer on 31 July 1943:

“Dear Reichsminister Speer,

As the most senior soldier in the Panzertruppe, I feel it is

necessary for me to inform you of the great satisfaction of

the Front with the new weapons following the first battle
with the “new tanks”, and to express our gratitude for
these. The armor crews on the Front were particularly
pleased with the unheard of performance of the advanced
Panther gun; thanks to its superior performance it was
repeatedly successful in destroying the T-34 (which for so
long had proven difficult to engage) — even at 3000
meters.

When this awareness of the superiority during the
course of the armor battle became widespread among the
Panzerwaffe, it naturally formed into an appreciation by
the soldiers for all those taking part in design and
manufacture. l would therefore ask that youexpressin the
broadest sense my thanks as the thanks of the Front to the
entire industry involved. I am, with the expression of
special allegiance

Heil Hitler
Respectfully Yours,
(signed) Guderian

On 28 September the first reports regarding the Panther
operations at Kursk from 5-13 July 1943 became available.
One Abteilung reported 25 engine failures within nine
days, primarily due to piston rod bearing damage, water
in the exhaust, damaged pistons, tears in the cylinder
sleeves, burnt cylinder head gaskets and broken piston
rods. On many occasions the engine became overheated.
The engine performance in some vehicles dropped off
after a short time. The engines had a high rate of oil
consumption. Spark plugs became coated with oil. The
danger of fire was very high, since lines and connections
were often not sealed. The main clutch proved reliable as
long as the vehicle was not utilized for towing. The
transmission also functioned without problems. The
final drive was too weak and had a high failure rate. The
running gear proved to be completely successful; a few
track tension adjusters became loose. The driver and radio
operator hatches had a tendency to become stuck, so that
the crew drove with open hatches even during operations.
The hull superstructure above the driver and radioman
was penetrated by shots deflecting off the lower part of the
gun mantelet, necessitating a change in form. A rein-
forcement of the hull side walls was recommended, and
the side skirts often were lost. The troops were enthusiastic
about the new gun; no difficulties were encountered with
it. The majority of enemy tanks were taken out at a
distance of 1500 to 2000 meters. Turret ventilation could
be improved somewhat. A gimbal mount was demanded
for the radioman’s machine gun. The optical mounts
were too weak, the turret traverse too complicated. In the
end, it was determined that the Panzerkampfwagen
Panther had proven effective. Once the design errors were
rectified the majority of technical problems were con-
sidered acceptable. In any case, the supply of replacement
parts would have to be ensured. Recovery vehicles for the
units were of critical importance.

On 13 July 1943 the Kraftfahrtversuchsstelle (Vehicle
Testing Facility) of the Heereswaffenamt Priifwesen in
Kummersdorf-Schiessplatz relayed that a steering unit for
smaller turning radii had been installed in a Panther,
chassis number 210004, for test comparisons with pro-

duction models. The calculated steering radii were to beas
follows:




Series production

Shortened radius

Ist gear 4.8 m 2.5m

2nd gear 11.0 m 6.3 m

3rd gear 18.0 m 10.9 m
4th gear 30.0 m 17.5 m
5th gear 43.0 m 26.2 m
6th gear 61.0 m 37.4 m
Tth gear 80.0 m 50.5m

Testing showed that it had worse drive handling on both
roads and cross-country stretches than the production
version. Since the standard brakes were not always
adequate for steering, it was constantly necessary to either
rapidly shift to a different radius or to bypass this step
completely and simply engage the track brakes. On 16
August 1943 it was announced that the OKH Wa J Ru
(WuG 6), in agreement with WaPriif 6, had forwarded a
recommendation to the chairman of the Hauptausschuss
Panzerwagen und Zugmaschinen (Committee for Tanks
and Halftracks), director Dr.-Ing. Rohland of the
Vereinigte Stahlwerke, that the redesigned hull be intro-
duced beginning with the 2801st Panther I vehicle. In
August of 1943 the firm of Lanz in Mannheim was
brought into the Panther program, providing for the
assembly and welding of the hull body. The individual
components, however, were not to be manufactured by
Lanz, but by subcontractors in France. Since Lanz was
only set up for the purely mechanical production, it was
not given the task of producing the heating and sighting
components.

Even as late as September of 1943 the bottlenecks in
material supply had not yet been eliminated. On 15
September 1943 Henschel stated that from 9 September to
15 September 1943 it had not received a single Panther
hull and therefore its drilling assembly line had not been
in operation for days. For the most part, the requests of the
troops were considered with the new Panther model, the
Ausf. A, which would be introduced with the 851st vehicle
in August 1943. The Panzerkampfwagen Panther,
Austiihrung A (Sd.Kfz.171) was first shown in September
of 1943 and came equipped with a ball mount for the
radioman’s machine gun position developed by Daimler-
Benz. Another external recognition feature was the
monocular TZF 12a turret sight, which only required a
single peephole opening in the gun mantelet. The main
gun elevation was reduced to -8 deg. to +18 deg. (previously
20 deg.). The number of rounds carried remained at 79
The turret position indicator inside the turret now came
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Generaloberst Heinz Guderian, the creator of the German
Panzertruppe and its most senior soldier.

with a numerical dial plate with divisions from 1 to 12,
The turret basket consisted of a central piece made of
tubing and four side pieces which could be pulled up. By
this time the Boehringer Sturm L 4 S oil drive was being
installed; this ran off the engine r.p.m. and powered the
turret traverse. The commander’s cupola had already
undergone fundamental changes during the Ansf. D



production. It consisted of the cupola housing, the cover
with arm, the periscope housing and the cupola ring.
This latter piece served as a mount for the anti-aircraft
MG 34 machine gun. A periscope was fixed into the right
portion of the turret roof to provide an external view for
the loader. According to information from OKH (CH H
Riust and BdE) from 25 January 1944, 76 g 16/17 Nr.
3022/44, the Panther chassis numbers were broken down
as follows:

Panther, Ausf. D chassis no. 2100001-210254 211001-
216000

MAN, from 210001 DB, from 211001
Henschel, from 212001
MNH, from 213001

A late version of an Ausf. D
Panther tank. The
commander’s cupola was
changed, and the
communications hatch in the
turret side plate was done
away with. The pistol ports
were still used.
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Panther, Ausf. A

chassis no. 210255-211000 151000-160000

On October 2nd, 1943 the Maschinenfabrik Augsburg-
Niirnberg retrospectively took a position on accusations
of inadequate Panther manufacturing. According to
MAN, the Reichsministerium fiir Riistung und Kriegs-
produktion had explicitly dispensed with prior testing
and the usual pre-production series — errors of judgement
which brought about all the initial problems in the series
production. As the company which first began production,
MAN alone was now basically res