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¥ The object

Fig. 1: General picture of the corroded cylinder head gasket
of the Bugatti Type 37. Top side facing the camshaft and
bottom part in contact with the coolant of the block,

with oil

with water

Bottom / cylinder side: contact  Top / came shaft side: contact
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Credit He-Arc CR, E.Granget. |
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Fig. 2: Gasket located in red on technical drawing of the
engine from Cresswell,

¥ Description and visual observation

Description of the artefact

Type of artefact
Origin

Recovering date
Chronology category

chronology tpq

chronology taq

Chronology comment

Burial conditions /
environment

Artefact location

A coolant flows through the cylinder block inside galleries. This aluminium gasket is making a
tight junction between the camshaft and the top of the block (Fig. 2). It keeps the water or
coolant (water + glycol-based antifreeze) from mixing with the lubricant used on the shaft, the
pistons and the cylinders. The wet side is facing the cylinder block. The other side is dry.

Technical object
MNAM (Musée National de l'Automobile de Mulhouse), Mulhouse, Alsace, France
None

Modern Times

1926 AD. v

—

The production of this model started in 1926

Outdoor to indoor atmosphere

MNAM (Musée National de l'Automobile de Mulhouse), Mulhouse, Alsace

Owner MNAM (Musée National de l'Automobile de Mulhouse), Mulhouse, Alsace
Inv. number 0416
Recorded conservation data Vehicule kept functional until 2008 - dismantlement in 2018
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Complementary information

A combustion engine transforms thermal energy into kinetic energy. In the Bugatti Type 37, this engine has 3 parts:

- The camshaft case above, where the camshaft coordinates the pistons.
- The cylinder block in the middle, where the cylinders slide in a linear motion.
- The crankcase block below, where the crankshaft transforms the motion from linear to rotative.

The explosion and the cylinders movement are generating a lot of heat. Therefore, the block needs to be cooled down. A cooling
system circulates water or coolant between the block [hot] and a heat exchanger (or radiator) [cold]. The circulation of the liquid
is often supported by a water pomp. The coolant flows through the block inside galleries in order to cool down the cylinders
without wetting them. (Poulain, 1995, p.86)

The Bugatti Type 37 will be restored. When the car was dismantled, this gasket was deemed too corroded to be kept. A new part
will be putin its place during the restoration. Consequently, this part has been classified as study material, allowing for sampling
for metallography.

¥ Study area(s)

Fig. 3: Bugatti Type 37 cylinder head gasket. Location of the
sampling area (red rectangle). Stratigraphic observation
sites, in contact with the block [1] and in contact with the
coolant [2],
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Credit He-Arc CR, E.Granget.

¥ Binocular observation and representation of the corrosion structure

Fig.3 clearly shows the limit where the gasket is in contact with the cylinder block ([1] edges and circular openings in
the center) and where it is in contact with the coolant ([2] center).

The schematic representation below gives an overview of the corrosion layers encountered on these areas (Fig. 4).
The metal core (M1) is colaminated on both sides with metal M2.

Stratigraphy [1] Stratigraphy [2]

The first metal stratum is missing and only the core metal

The metal contains the strata M1 and M2. (M2 in strat.[1], now M1) remains.

The CP1 is a thick bright orange layer, really powdery and
easily detached. It can be partly removed with a firm
brush. The coloration is less important closer to the metal
interface, where the products are white. This layer is also
really fragile and friable.

The CP1 is a thin brown layer loosely attached to the
surface of M1. It can be removed with a firm brush.

In some places, CP2 develops within M1. It is colored in
bright orange and can be broken in pieces with a
toothpick.

The CP2 is peaking through CP1 in some places, colored in
green.
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Credit HE-Arc CR, E.Granget.

¥ MiCorr stratigraphy(ies) — Bi

¥ Sample(s)

Credit HE-Arc CR, E.Granget.

Description of sample

Alloy

Technology

Lab number of sample
Sample location
Responsible institution

Date and aim of sampling

Fig. 4: stratigrphic representation of corrosion zones in
contact with the block [1] and in contact with the coolant [2],

Fig. 5: Micrograph of the cross-section sampled from the
Bugatti T37 gasket showing the location of zone 1 in blue
(Fig. 8) and zone 2 in red (Fig. 10),

The sample shown on Fig.5 is a transversal cut of the gasket presenting 3 different corrosion
sites.

Bottom side:
Contact with coolant [1] Fig. 7.
Contact with block [2] Fig. é.

Top side:
Contact with oil (not presented in this artefact sheet).

Al Alloy

Rolled (probably hot rolling) and annealed

HE-Arc CR, Neuchatel, Neuchatel
MNAM (Musée National de l'Automobile de Mulhouse), Mulhouse, Alsace

31.12.2019 - Sampled for Metallography
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Complementary information

During sampling, a large part of the top corrosion layer (CP1) was lost for both zones 1 and 2.

¥ Analyses and results

Analyses performed on the gasket

XRF with portable X-ray fluorescence spectrometer (Niton XL3t 950 Air Goldd+ analyser Thermo Fischer (voltage 50V,
General metals mode with acquisition times 20s (main) / 20s (Low) /20s (Light).

Analyses performed on the cross-section sampled from the gasket, on the bottom side (contact with the coolant [1]
and with the block [2])

Metallography (unetched), BF and DF imaging.

SEM-EDS (20kV): SE and BSE imaging and semi-quantitative EDS analysis.

¥ Non invasive analysis

¥ Metal

This gasket is made out of two metals colaminated: an Al-Cu alloy core (M2 in Fig. 4, Table 1) with on each side a
pure Al sheet (M1 in Fig. 4, Table 2).

Element| mass %
Al 94
Cu 3.8
Mg 2
Mn 0.7
Si 0.1

Table 1: Chemical composition (mass %) of the metal (core) of the gasket. Method of analysis: SEM-EDS, HEI-Arc,
S.Ramseyer.

Element| mass %
Al 99.6
Fe 0.3
Si <0.1

Table 2: Chemical composition (mass %) of the metal (colaminated protective sheet) of the gasket.
Method of analysis: SEM-EDS, HEI-Arc, S.Ramseyer.

Fig. 9 shows oriented inclusions on both M1 and M2, as well as a lot of small pores in M2.

Ponctual analyses on each phase appearing on Fig. 9 showed that the roll-bounded metal M1 is a
compact (non-porous) sheet of pure Al (Table 1) with oriented inclusions of Fe and Si. The core
M2 is a very porous alloy composed of Al with bigger oriented inclusions of Si, Mn, Fe, Mg.
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Microstructure ?
First metal element Al

Other metal elements Mg, Si, Mn, Cu, Fe

Fig. 8: Micrograph of the cross-section of the gasket, zone 1,
shown on Fig. 5 unetched, dark field, showing the location of
the EDS elemental chemical distribution of Fig. 12 to 15 (in
blue) and of the SEM image of Fig. 9 (in red),

Fig 9: SEM detail (BSE mode) of zone 1 of the colaminated
sheet in cross-section. The core metal (M2) is porous (in
black) and shows oriented inclusions (in white) and the
colaminated metal (M1) is compact and has smaller oriented
inclusions (in white). Corrosion products (in dark grey) are
limited to M1,

Fig. 9 shows that the corrosion products progress through M1 and develop a network of cracks. Fig. 10 shows that the
corrosion can expand even further through M2, the corrosion products being more stratified (Fig. 11).

The EDS elemental chemical distribution of zone 1 is given in Fig. 13 to 15. The corrosion layers contain S (probably
aluminium sulfate (Fig. 14), polluted with Fe (Fig. 13)). The presence of sulfur can be explained by the proximity of the
gasket to the combustion chamber. As for the iron, it is probably coming from the steel block.
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HV: 20 kV [BSE] WD: 19 mm - Joint-partie en eau_08 100 pm—
Credit HEl Arc, S.Ramseyer / Edit: He-Arc CR, E.Granget.

HV: 20 kV [BSE] WD: 19 mm - Joint-partie séche_07
Credit HEl Arc, S.Ramseyer.

Credit HEl Arc, S.Ramseyer.

Fig. 10: Micrograph of the cross-section of the gasket, zone 2,
shown on Fig. 5 unetched, dark field, showing the location of
the SEM image of Fig. 11 (in red),

Fig 11: SEM detail (BSE mode) of zone 1 of the gasket in
cross-section. The colaminated Al is missing. The core metal
(now M1) is porous (black spots) and shows oriented
inclusions (in white). The corrosion products (CP1) are very

friable and retain clusters of inclusions that are also
corroded (CP2),

Fig. 12: SEM image (BSE mode) of the cross-section of zone 2
of the gasket (detail of Fig. 8) showing the core metal on top
(M2) and the heavily corroded colaminated metal (M1),

Fig. 13: Al (red), O (blue) and Fe (green) chemical distribution
of the area of Fig. 12. Method of analysis: SEM-EDS. Lab. of
Electronic Microscopy and Microanalysis, Néode, HEI Arc.
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HV: 20 kV [S Ka] WD: 19 mm - Joint-partie séche_07
Credit HEl Arc, S.Ramseyer.

Credit HEl Arc, S.Ramseyer.

Corrosion form Multiform

Corrosion type ?

Fig. 14: S chemical distribution of the area of Fig. 12. Method
of analysis: SEM-EDS. Lab. of Electronic Microscopy and
Microanalysis, Néode, HEI Arc.

Fig. 15: SEM image and elemental chemical distribution of
the area of Fig. 12. Method of analysis: SEM-EDS. Lab. of
Electronic Microscopy and Microanalysis, Néode, HEI Arc.

Fig. 6: Stratigraphic representation of the gasket (zone 1) in
cross-section (dark field), using the MiCorr application. The
characteristics of the strata are only accessible by clicking on
the drawing that redirects you to the search tool by
stratigraphy representation. This representation can be
compared to Fig. 9, Credit HE-Arc CR, E.Granget.

Fig. 7: Stratigraphic representation of the gasket (zone 2) in
cross-section (dark field), using the MiCorr application. The
characteristics of the strata are only accessible by clicking on
the drawing that redirects you to the search tool by
stratigraphy representation. This representation can be
compared to Fig. 11, Credit HE-Arc CR, E.Granget.

¥ Synthesis of the binocular / cross-section examination of the corrosion structure

The schematic representations of corrosion layers of Figs. 6 and 7 integrating additional information based on the
analyses carried out is given in Fig. 16.

No analyses could be carried out on the top thicker part of CP1.
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Fig. 16: Improved stratigraphic representation of the 2
corrosion structures of the Bugatti cylinder head gasket. CP1
could not be analysed,

l:l Inclusions
.o

¥ Conclusion

The cylinder head gasket of this Bugatti Type 37 is made of colaminated aluminium alloys. A pure aluminium sheet
(with traces of Fe and Si) protects an Al-Cu core alloy (AL, Cu, Mg, Mn, Si) on both sides of the gasket. The gasket seals
the upper part of the cylinder block, preventing coolant from flowing to the camshaft or cylinders.

The side of the gasket facing the cylinder block has a different corrosion pattern depending on whether the area is
immersed or not. The surface in contact with the cylinder block shows a priori corrosion consisting of highly cracked
aluminium sulphate (network). The surface immersed in the coolant is heavily corroded. The colaminated Al sheet
has been completely consumed, and the corrosion progresses through the support metal, retaining inclusions of the
alloy in its products. This layer is very brittle and tends to delaminate.

All the corrosion products are contaminated with iron oxides, probably from the block. The immersed part is covered
with a thick crust of what is believed to be a mixture of ferrous and aluminium-based products.
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