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Abstract

Now in its fourth year, the Russian war in Ukraine has seen Russia’s armed
forces continue to operate and maintain their air force despite the imposition

of a Western embargo. Russia has faced persistent challenges in procuring critical
technologies — particularly electronics and machine tools — to sustain both its

air force and its civilian airlines. Nevertheless, despite these constraints and
signs of operational fatigue, the Russian Aerospace Forces (VKS) and the wider
aerospace industry have succeeded in keeping aircraft flying.

This study builds on the author’s February 2023 Freeman Air and Space
Institute (FASI) paper, Clipped Wings? The Impact of Arms Embargoes on Russian
Air Power in Ukraine and Beyond, which introduced a conceptual framework
for analysing air force responses to embargoes. Drawing on data from the first
three years of the war, it examines how the VKS and elements of the civil
aviation sector have adapted to the embargo.

The paper focuses on Russia’s continuing dependencies, efforts at import
substitution, and illicit procurement activities, as well as the development

of international partnerships to mitigate shortages. It argues that Russia has
adopted a multi-pronged approach to respond to the embargo, with some
limited success. The long-term prospects of the VKS, Russia’s civilian operators,
and their supporting industries will depend on the country’s ability to obtain
advanced technologies — a prospect closely tied to the future of Russia’s
relationship with the West and any eventual agreement to end hostilities

in Ukraine.
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1. Introduction

The Russian war in Ukraine has entered its fourth year, with the Russian armed
forces operating and maintaining their air force under a Western embargo.

Russia has struggled to procure technologies — particularly electronics and machine
tools — crucial for sustaining its manufacturing base and keeping both military and
civilian aircraft airworthy. Nevertheless, despite these constraints and some signs
of operational fatigue, the Russian Aerospace Forces (VKS) and civilian operators,
such as Aeroflot, have continued to maintain flight operations.

This paper examines the impact of the embargo on Russia’s aerospace manufacturing
sector and its responses to these challenges. Particularly, it focuses on continuing
Russian dependencies, efforts at import substitution, and illicit procurement
activities, as well as the development of international partnerships to mitigate
shortages. It argues that Russia has adopted a multi-pronged approach to addressing
the embargo, employing a full range of coping strategies and many of the tactics set
out in Figure 1, with limited success. The long-term viability of the VKS, Russia’s
civilian operators, and their supporting industries will depend on the nation’s ability
to secure advanced technologies — a prospect that, in turn, will be shaped largely by
its relationship with the West, especially any agreement to end hostilities in Ukraine.
Such a settlement could result in the lifting of sanctions and other changes that might
make open technology supply from countries such as China more acceptable.

This study builds on the author’s 2023 Freeman Air and Space Institute (FASI) paper,
Clipped Wings? The Impact of Arms Embargoes on Russian Air Power in Ukraine and
Beyond, which proposed and illustrated a conceptual framework for analysing air force
responses to embargoes (see Figure 1). Drawing on data from the first three years of
the war, it assesses how the VKS, and the wider aerospace sector have adapted to the
Western embargo. The analysis incorporates a range of English- and Russian-language
sources. Discussion of the civil aerospace sector is included, as it offers additional
evidence on responses to sanctions and illustrates similar operational dynamics.'

2. The Ukraine War and the Embargo

The VKS has continued to play a role in Putin’s illegal invasion of Ukraine — albeit one
that has been overall more understated than many analysts thought it would in advance
of the conflict. In the early days of the war, commentary spoke of ‘the missing Russian
air force’? To this day — over three years on — Russia has failed to secure air superiority
over Ukraine, with the VKS ‘underperforming’ and having to settle for ‘air parity’.?
More recently, in 2024, Russia’s use of new precision glide bombs has given the VKS
some new utility.*

By 2025, a complex web of sanctions have been put in place by the US, EU, and other
individual states. Many of these seek to counter procurement of aviation technology
and services by the VKS, Russian airlines, and the related industrial complexes.
The EU imposed an embargo on the transfer of arms and dual-use goods with military
applications in 2014 following Russia’s seizure of Crimea.® Since 2014, the US has also
expanded the scope of its export controls and imposed sanctions on a range of defence
and industrial entities, many of them linked to aviation.® After Russia’s full-scale
invasion of Ukraine in 2022, measures were introduced to block technology transfers
to its civil aerospace sector — most notably by the US and EU. Major suppliers,
namely Boeing and Airbus, suspended the supply of parts and services.’
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While states in the EU have sought to implement various restrictions through their
export control systems, the US and partners have also used a range of relationships
to coordinate the measures. In 2022, the US, EU, UK, and Japan worked together
to produce a Common High Priority Items List (CHPL), which outlines the most
sought-after goods. Following the 2022 invasion, the US and partners also created
a ‘Global Export Control Coalition’, featuring almost forty countries.® They have also
coordinated through the G7, which has issued guidance to counter Russia’s export
control evasion, and through the ‘Export Enforcement 5’ (essentially the ‘Five Eyes’
intelligence sharing partners) in September 2024.°

As the war has continued, the VKS — as well as Russia’s civilian airlines — have
continued to respond to the arms embargo and other export restrictions. Adaptation
has been the name of the game — to neutralise the restrictions to continue the ability
to project air power, or indeed, to stay connected in a country spanning eleven
time zones. In a game of cat and mouse, Western states have also sought ways to
implement the restrictive measures better, increasingly engaging industry partners
and third-country governments to prevent the diversion of technologies.

The flexible model of air force responses to embargoes, introduced in Clipped Wings,

is reproduced in Figure 1. During the embargo, Russia has engaged in cannibalisation
and sought technologies and spare parts, particularly through black and grey markets.
It has also increased maintenance efforts by producing spares domestically — a practice
known in Russia as ‘import substitution’. The Russian aerospace industry has also
continued to manufacture from existing designs, albeit likely at a slower pace than

Timeframe Technological Coping Strategy and Tactics Explanation
Capability of State

Basic . Stockpile spares prior
Before embargo N Stockpile to the embargo
- Cannibalise older and
Cannibalise :
damaged airframes
Dependency: Look { liers f
Continued dependency ook Tor nfw Suppliers for
on foreign design, Spare parts
devel?pmept, Bring in expertise by enticing
manufacturing, foreign technicians
and supply Procure
Scour black or grey markets
for spares
During embargo
Look for new suppliers
for aircraft
Maintain Develop (or use) the capaplhty
to produce spares domestically
Self-sufficiency?
Development of Replicate Develop (or use) the capability
enhanced capabilities P to replicate existing designs
domestically
v Develop (or use) the capability to
- Innovate : .
Sophisticated design and produce new aircraft

Figure 1: How do Air Forces Respond to Embargoes?™
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Embargoes were
just one of the
pressures the
VKS faced during
wartime

would be desirable given losses in the conflict. The development and production
of the next generations of combat aircraft have suffered the most— as a result of the
embargo, but also as Russia has prioritised manufacturing existing models.

As noted in Clipped Wings, embargoes were just one of the pressures the VKS
faced during wartime. The losses have continued, with 140 fixed-wing aircraft

and 155 helicopters lost or damaged as of May 2025." Many of these losses occurred
in combat, but others resulted from accidents and even losses on the ground.

In June 2024, a Su-57 — Russia’s most advanced fighter jet — was damaged almost
400 miles inside of Russia by attack drones.”

Long-range attacks have also seen strategic assets damaged or destroyed inside
Russia. The audacious Operation Spider’s Web saw Ukrainian operatives use drones
to destroy and damage around 20 aircraft — including long-range strategic bombers —
at five Russian airbases in June 2025.” In December 2022, an attack using modified
Soviet vintage jet-powered drones also allegedly damaged Tu-95 Bear bombers at
Engels airbase, more than 300 km away from Ukraine.* In February 2023, an A-50
airborne early warning and control aircraft was also destroyed on the ground at an
airbase in Belarus.”® In August 2023, a Tu-22M bomber was destroyed by drones

at an airbase South of St Petersburg and 600 km away from Ukraine.®

Assessments of losses of overall VKS strength have varied. The NATO Supreme
Allied Commander Europe stated in April 2024 that they amounted to ‘only about

10 per cent of their fleet’™ This contrasts with other assessments, including one from
the RAND Corporation, which noted that Russia had lost 25 per cent of its pre-war
strength in March 2024."® Aircraft lost through being shot down are not fully reflective
of the attrition on Russia’s forces, as they do not account for ‘imputed’ losses — those
arising from ‘an aircraft accruing more flight hours than planned, reducing its overall
life’. In the first months of the war, the VKS flew as many as 150—300 sorties daily.
This later dropped to about 100 per day — two to five times the roughly sixty daily
sorties typically flown by the VKS in peacetime.®

Drawing on these figures, a RAND analyst noted in March 2024:

‘the VKS is on track to suffer approximately 60 imputed aircraft losses
this year from overuse. That is equivalent to losing 26 new airframes.
Meanwhile, the VKS currently procures only about 20 total Su-30, Su-34,
and Su-35 aircraft per year’.?

The analysis notes that many of the lost aircraft are newer Su-30, Su-34, and Su-35.
The use of the Su-24s — the newest of which is now three decades old — is declining,
and older models of aircraft, such as the MiG-31s and Su-27s, have been relegated
to use in launching stand-off weapons and to air patrolling at a distance. A British
defence intelligence post from September 2023 agrees:

‘All aircraft have a projected lifespan, in flying hours. It is likely that with
this extra wartime use, Russia is eating into many of its airframes’ lifespans
far more quickly than the VKS planned for. The need for extra maintenance
is complicated by a shortage of spare parts because of increasing demand and
international sanctions... wear and tear of airframes is likely to have reduced
the viability of the VKS’s long-term tactical air power’.?!

The RAND analysis notes several ways to mitigate these heightened ‘imputed
losses’ — such as more frequent inspections, increased maintenance, adjusted aircraft
rotations, and reduced training hours. However, all are costly in manpower, time,
and resources.” Rather, the conflict has pressured the VKS to deliver while operating
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The conflict has
pressured the
VKS to deliver
while operating
far above pre-war
assumptions

far above pre-war assumptions. Evidence suggests that wartime pressures have been
pushing in the opposite direction.

Early in the war, non-combat losses of Su-25, Su-30, and Su-34 aircraft — caused
by bird strikes, pilot error, and technical failures — led analysts to observe that ‘eight
months of war have taken a toll on airframe and aircrew fatigue.’”® This is reflected
in the data. As Newsweek noted in a study of the first 18 months of the conflict:

‘21.7 percent — or one in five — of Russia’s verified manned aircraft losses,
which includes jets, helicopters and transport aircraft, were blamed on
Russian system malfunctions, pilot errors, friendly fire or other accidents
not related to direct combat against Ukraine’?

Concerning maintenance, Ka-52 attack helicopter wreckage from early in the conflict
showed that despite the aircraft being shot down, the airframes were in a condition
suggesting ‘poor maintenance and crew training are problems’? A 2024 Russian legal
case saw five I1-76 transport aircraft taken out of service when it was discovered that
wheel bearings on the aircraft had been swapped for poor-quality ones.”® Rather than
the VKS taking steps to mitigate the toll on existing airframes, the evidence suggests
that it is struggling to operate under these conditions.

Meanwhile, Russia’s civil aviation sector has also suffered because of sanctions,
composed of 80 per cent imported aircraft, with two-thirds of these being European
Airbus and US Boeing planes.” An Airbus representative noted in 2024 that ‘there
is no legal way that genuine aircraft parts, documentation and services can get to
Russian carriers’.? While no major accidents have been seen, aircraft malfunctions
tripled in 2023 compared to the previous year.” In 2022, Russian airlines made
2,000 flights on aircraft using expired parts.* Just 11 aircraft have been added to

the fleet of 865 since the war began, and in some cases, large numbers of imported
aircraft have been grounded due to a lack of parts.”

3. Gontinuing Technological Dependencies

The past two years have provided more evidence of the VKS’s dependence on
imports. While capable of producing military jet aircraft domestically, the Russian
defence industrial base has long depended on imported technology. Before the

war, French technology was transferred through contracts drawn up before

the August 2014 EU arms embargo, but delivered after its imposition, appearing

in several Russian aircraft types.® This allegedly included navigation systems,
cockpit display screens, and viewfinders installed in the Su-30s, as well as navigation
systems and helmets for use in the MiG-29.% French manufacturers also allegedly
transferred electro-optical infrared systems for Ka-52 helicopters.*

Imported components are prevalent in Russian supply chains and manufacturing
facilities. Losses over Ukraine, along with wreckage analysis, have continued to
highlight the prevalence of electronic components. Early in the war, the wreckage
of a Su-24M targeting system was found to contain numerous Western microchips.
At the same time, non-Russian components were also identified in the onboard
computer systems of the Ka-52 attack helicopter.®

More recently, a Ukrainian study from March 2024 highlighted additional cases,
offering insight into a wider range of Russian aircraft losses, including more
advanced models. The report analysed 2,000 foreign components — allegedly from
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Even the most
dated aircraft
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six aircraft types — and found that these components came from 244 companies from
22 countries, although 64 per cent came from US companies.® Dependencies have
not just taken the form of electronic components. Machine tools and their spare parts
have continued to be sought by Russia. Indeed, imported machine tools are visible
in videos of Russian aircraft factories available from open sources — including tools
from a range of countries such as Germany, Japan, the US, and China.¥

Structural and raw materials are also known to have been imported in the past — with
composites subject to recent import substitution efforts (see below). A July 2023 news
report, citing Ukrainian intelligence data, claimed that a Russian oligarch’s business
interests in Ukraine — specifically a mining and processing plant — supplied Russia in
2020 and 2021 with minerals used to produce titanium. This metal was then provided
to plants manufacturing MiG-35 and Su-35 jets, as well as Ka-52 helicopters.®

These Russian dependencies appear to range widely across aircraft types. In July 2023,
a Russian news website suggested that the AN-2 — a Soviet biplane first produced

in the 1940s and still used for parachute training — depended on imported engine parts.
The problem was reportedly discussed at a State Council working group meeting on
the ‘development of air carriers and regional airports’ in June 2023.*° Even the most
dated aircraft technology appears to rely on imports — not always due to necessity,
but sometimes because parts could easily be imported allowing manufacturers to
produce goods more difficult to procure.

At the other end of the technological spectrum, Russia’s most advanced fighter jet,
the Su-57, also relies on imported electronics. Reporting suggests that a key product
for calibrating the aircraft’s communications systems is made in Germany, and itself
relies on foreign components. Illicit procurement has reportedly slowed production
and delivery rates in 2023 and 2024, just as experience in production and economies
of scale should be kicking in to ramp up production of the jet.*

4. Import Substitution Efforts and Domestic Capability

Russia has continued to pursue long-term import substitution efforts, dating back

to the earliest days of the post-Crimea 2014 EU arms embargo or earlier.” In part,
this effort sought to counter the loss of access to elements of Ukrainian industry.*
The sanctions imposed after Russia’s 2022 aggression in Ukraine have increased

the importance of import substitution. In September 2022, in a meeting with
Russian defence industry representatives, Putin stated: “Within the military industry,
we need to conduct a full [100 per cent] import substitution and not lower the
quality of Russian technical [products]’.** He also mentioned the need to ‘remove
dependency on imports’ again at a gala celebrating the industrial conglomerate
Rostec in November 2022.4

A range of Russian statements have suggested an interest in further import-substitution
efforts — although many of these lack supporting evidence and likely serve as
technological nationalist narratives, particularly aimed at a domestic audience.

In February 2023, Sergei Chemezov, head of the defence conglomerate Rostec,

told a state media programme: ‘Sanctions hinder us, of course, but what can we do?’
He added that the 2014 arms embargo had given Russia more time to prepare:

‘If there hadn’t been sanctions then, and they had started only now, it would have
been a lot more difficult for us.*
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Russia is likely

to continue

to struggle with
high-end production,
including screens
and displays, optics
and advanced chips

Yuri Slyusar, head of the United Aircraft Corporation, echoed the point on
preparation time, noting that it forced the company to impose an import substitution
programme for composite components.* Indeed, several months later, in May 2023,
Slyusar stated that his company’s new planes now used Russian-made composite
structures.* In December 2023, Chemezov — visiting a plant that produces Su-30
and Yak trainers, as well as domestic civil aircraft — noted:

“The plant has found substitutes for previously imported composite
materials, and Russia’s PD-14 engine has “successfully replaced” US-made
propulsion units, while import substitution of foreign onboard systems

is in its ‘final stages’*

He said that ‘the country will not be left without wings’.

Russian media has also suggested successes in import substitution on the civil side,
beyond reports that Russia was legalising the cannibalisation of civil aircraft in 2023
to allow operators to sacrifice some airframes to keep others operating. A facility set
up by the Russian state nuclear company Rosatom and airline Aeroflot to produce
parts for Airbus and Boeing aircraft was due to be completed in August 2024.%
According to 2024 reports, one Russian company has developed the capability

to overhaul A320 and Boeing 737 engines.® Reports in spring 2024 noted that the
Tu-214 production line at the Gorbunov Aircraft Plant in Kazan is ‘full of new
machinery — all built in Russia’®

Russian sources — particularly those citing government officials — suggest successful
import substitution in various areas, including electronics, spare parts, machine tools
and composites. Although there is likely some truth in some of these statements, they
also likely reflect techno-nationalist narratives trying to talk up Russian technological
prowess and talk down the impact of Western measures. Russia is likely to continue
to struggle with high-end production, including screens and displays, optics,

and advanced chips for its aircraft and related weapons systems. These have been
persistent weaknesses and are especially important for next-generation platforms
such as the Su-57.

5. Overseas lllicit Networks and Support

Despite efforts to substitute Russian-produced goods for imported ones, Russian
operatives have utilised illicit procurement networks to obtain sanctioned
technologies. Russia — and before it, the Soviet Union — has used illicit procurement
networks to obtain sanctioned technologies for decades. Evidence in the months after
the invasion suggested that this continued in the aerospace sector. An indictment
from September 2022 alleged that in 2019, Russian nationals working through

a German-based company — unsuccessfully — approached US businesses for
assistance in procuring technology, including navigational components, receivers,
and ‘radiation-hardened, military-grade’ transducers allegedly for use in Sukhoi
fighter jets.%

Networks have continued to supply the Russian aerospace industry and the military
since the War began in February 2022. Investigative reporting noted that Yakovlev
— the manufacturer of the Su-30 — imported components from the German plant of

a US company between 2022 and the summer of 2023. The goods included: ‘various
avionics and aircraft components, particularly electric-drive computer controllers,
navigation equipment, and automatic systems modules’%
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procurement efforts

Overseas maintenance support for Russian military aircraft has also been
highlighted, with a Belarusian repair plant sanctioned by US authorities in 2024
that has previously been involved in overhauling Su-27 aircraft and Russian
helicopters.* Other research has highlighted the overseas illicit supply chains
supporting Russian Unmanned Aerial Vehicle (UAV) manufacture, particularly
in electronics procurement.%

China has become increasingly important in Russian procurement efforts. In the
first months of the war, some transfers of dual-use technologies with potential military
applications by Chinese companies were detected.® Over time, China has become

an increasingly important market for some technologies. For example, reporting in
mid-2024 suggested Russia was seeking second-hand high-end machine tools — some
even decades old — from China or through Chinese intermediaries.” Eight Chinese
companies exhibited 12 models of Computer Numerically Controlled (CNC) machine
tools at a major Russian trade fair in 2024, many using computer controllers produced
by German and Japanese companies.

Mllicit procurement networks have been equally important in procuring spare parts for
Russia’s civil aerospace sector, a phenomenon that has seen significant reporting in the
media. Small companies and intermediaries have worked to procure second-hand and
other parts to send to Russia. One part, an ‘air data inertial reference unit’ (ADIRU)
—which is used in aircraft control and navigation and weighs just 11 kg — has been
routinely smuggled by couriers on commercial flights in passenger suitcases.*®

Before the war, around 45 per cent of the spare parts for Russia’s largest private airline,
S7, came from the US, with a similar percentage sourced from various European
countries. However, after the sanctions were imposed, these sources’ combined
share of spare parts dropped from 9o per cent to just 3 per cent. A few intermediaries
in these countries have been procuring goods to divert them to Russia. Starting in
May 2022, one case saw two Florida-based individuals ordering $4.5 million of civil
airliner parts from US companies for Russian buyers.® In November 2024, an Indian
national was indicted for transferring aircraft parts from the US to Russia.®

New hubs have also emerged, accounting for over 9o per cent of S7’s procurement.
These include existing trade and transhipment hubs in the UAE (30 per cent of

S7 procurement), Turkey (20 per cent) and China (10 per cent).® As the Financial Times
reported in 2024, the Russian aerospace sector was ‘currently reliant on a range of tiny
artisanal suppliers, many of them based in the UAE’52 US-targeted sanctions were
imposed against a UAE aircraft parts company in 2023 and against a second firm

in 2024 that allegedly made 150 shipments of parts to Russia in the first two years

of the war.® Other hubs include those close to Russia in Central Asia — with a Kyrgyz
Republic-based company and its Azerbaijani CEO sanctioned by the US in 2024

for supplying aircraft parts to Russia.

The UAE and Turkey — a partner and a NATO ally — have been pressured alongside
other countries by the US and partners to do more to counter transhipment trade as
part of efforts to plug holes in the embargo.® Although these third countries have not
imposed their own embargoes, and US, EU, and other measures lack the legal force
of a UN sanctions regime, ignoring such restrictions can carry diplomatic and other
consequences. The US also implements extraterritorial controls on US-origin goods,
and often indicts those involved in re-export schemes using a set of extraterritorial
tools to counter elements of these networks based in third countries.®

Beyond these states, a few actors and jurisdictions have become hugely influential.

A Gabonese registered company was in 2023 responsible for $1.5 billion out of Russia’s
total $2 billion civil aviation parts procurement, including 15 US-made aircraft
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engines worth $58 million.®” At one point, 20 per cent of airline S7’s procurement
came from the Maldives — a small island state of 500,000 people in the Indian Ocean.5
Iranian entities have also received some civil aircraft maintenance work from Russian
airlines — although they were reportedly slow in performing their work.®

While these networks enable Russia to obtain much-needed technology, the
rising risk of enforcement action, shrinking supply, and increasing demand mean
it now comes at a higher price. For example, the price per kilogram of machine tool
attachments shipped from China to Russia grew by 350 per cent between early 2021
and 2024.” This could be due to decreasing supply and intermediaries monetising
the risks, or Russia buying higher-end, more important attachments. In the civil
sector, the ADIRUs described above were frequently procured by these networks
for between 1.7 and 2.4 times the market price, with one case involving a single unit
procured for 8.5—12 times the market price.” The most extensive rises in machine
tool attachment prices occurred in late 2023 and early 2024, coinciding with

a US Executive Order aimed at banks in countries engaging in substantial trade
with Russia.”

6. The Effects on Russian Production?

The embargo and sanctions have strained the Russian industrial complex, as the
country has sought to replace lost military aircraft. A British official noted in a speech
to the OSCE in March 2024 — following thirteen Russian aircraft being lost in as
many days — that ‘Russia is losing jets 20 times faster than they can replace them’.™
While this is likely an overstatement, industry has struggled — despite ramping up
efforts — to offset combat, accidental, and ‘imputed’ losses from airframe overuse.

Industry has In 2017, before the 2022 full-scale invasion, the Komsomolsk-on-Amur aviation
struggled — despite plant (KnAAZ) planned to ‘deliver’ ten Su-35S in a year.” Production of new aircraft
ramping up efforts — has continued during the war, with Russian officials alleging it has been ramped up.

For example, a Rostec official alleged in mid-2023 that production of the Su-30,
Su-34, and Su-35 had been doubled.” Other elements of the production base also
claim increased output, with Kalashnikov allegedly increasing production of its
aircraft cannon (used on the Su-27, Su-30, Su-35, and Su-34, among others).™

to offset combat,
accidental and
‘imputed’ losses from
airframe overuse

The KnAAZ allegedly uses ‘a round-the-clock conveyor system’ to produce the
Su-35S, which has reduced production time by 30 per cent.”” Putin echoed this
approach in the summer of 2023 when he said some industrial enterprises ‘are working
two shifts, and many three. They are working practically day and night’.” An article
in a Russian Defence Ministry journal by the deputy aerospace forces chief also
highlights efforts to reduce production times of air-launched weapons. As noted:

‘A significant cut has been made in the number of tests undergone by series
production air-launched weapons, production of which is associated with
the use of import substitution of foreign components for domestic analogues,
has been significantly reduced.™

Batches of Su-34 and Su-35 were delivered multiple times in 2022, 2023, and 2024.
The Russian MOD has obscured the serial numbers of aircraft delivered in images.®
This, combined with a lack of publicly stated numbers, makes assessing any Russian
claims about production challenging.
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Writing in the summer of 2024, Justin Bronk suggested that production of Su-57 has
slowed to focus on replacing losses of Su-30SM2 and Su-35S.%" He noted sanctions
had made it ‘far more difficult’ to source Western avionics and micro-electronics that
have been ‘essential components’ of Russian advanced aircraft cockpits for more
than a decade. Delivery numbers for the Su-57 remain ambiguous. Shoigu suggested
that 22 would be in service by the end of 2024. Six were delivered in 2022, 12 in
2023, and an unspecified number from the ‘over 20’ planned for 2024 — double the
previous year’s output.®? The IISS suggested in February 2024 that Russia possessed
more than twelve Su-57 airframes in total.®® Seventy Su-57 are planned by 2027,
although analysts doubt whether this target will be met, especially if sanctions remain
in place.® According to Bronk, Russia’s military-industrial complex is likely to
focus on producing and modernising existing types, such as the MiG-31, Su-27, and
Su-34, rather than on ‘vanity programmes like the Su-57 Felon, Su-70 Okhotnik-B,
or PAK DA bomber, which are unlikely to be produced in large numbers’.®

The manufacturing base also must contend with efforts from Ukraine to attack

or sabotage manufacturing capability. In January 20235, a facility producing Su-25
aircraft and Kh-55 and Kh-59 missiles in Smolensk caught fire following a Ukrainian
drone attack.® This was not the first incident — In April 2023, a drone attack targeted
a Tatarstan plant involved in producing and maintaining Tu-22M and Tu-160M
heavy bombers.®

Civilian production has also struggled. Beyond relying on imported aircraft —
especially Airbus and Boeing — Russia has two main domestically produced airliners
in use and production. The Sukhoi Superjet 100 is a regional jet capable of carrying
around 100 passengers, and over 220 airframes have been produced since the late
2000s. A version of the jet allegedly using all Russian-produced components first
flew in September 2023.%

Regarding larger passenger aircraft, Russia has been developing the Yakovlev MC-21
as a potential replacement for aircraft like the Boeing 737 and Airbus A320/321.
First flown in 2017, its annual production ranged from 11 to 13 aircraft between
2019 and 2021. However, since the February 2022 invasion of Ukraine, production
has stalled, with only seven aircraft built in nearly three years — far short of the
government’s original goal of 108 during that period.®® Meanwhile, efforts to produce
a domestically sourced version of the Tupolev Tu-214 have been hampered by slow
progress in import substitution, which has delayed the programme.*

7. Other Means of Striking Targets —
From Sanctioned Partners

The embargo and its constraints on the Russian production have been one factor —
alongside the lack of Russian air superiority and the high rate of missile use — that

has driven Russia to turn to Iran and North Korea to procure UAVs and missiles.
Iran first transferred Shahed-136 loitering munitions to Russia in September 2022.
The propeller-driven UAV has been used in the thousands, largely to hit civilian and
infrastructure targets in Ukraine. Russia has been manufacturing the Shahed-136 as
the Geran-2 since late 2022, where the system — although based on the same design —
has undergone significant modifications and upgrades.”

Iran has also transferred other UAV models to Russia, including the similar

Shahed-131 and the Mohajer-6 — a multirole drone capable of launching munitions
and conducting Intelligence, Surveillance, and Reconnaissance (ISR) missions.
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It is not unusual for
sanctioned states

to work together to
offset their effects

In September 2024, Ukrainian sources suggested that 8,060 Iran-developed Shahed
drones had been fired at Ukraine in two and a half years — and just over two years
since the systems were first transferred.*

Russia first used North Korean KIN-23 short-range ballistic missiles (SRBMs) in
December 2023, with recent reports from Ukrainian intelligence suggesting that

148 were fired up to January 2025, and a further 150 were expected to be transferred

in the coming months.* Ukrainian sources suggest that North Korean missiles fired

in the first 11 months of 2024 made up nearly a third of the total missiles fired by Russia
during the same period.* The missiles perform a similar role to equivalent Russian
missiles — with a range of 400—700 km. The North Korean missiles are likely of a lower
quality than similar Russian-manufactured ones, with Ukrainian authorities alleging a
50 per cent failure rate among those fired based on analysis of the wreckage.® However,
more recent reports suggest an improved accuracy compared with the early launches,
suggesting that North Korea is also learning from operational use against Ukraine.®

These transfers have formed part of renewed partnerships between Russia, Iran and
North Korea. In June 2024, Moscow signed a Comprehensive Strategic Partnership
Treaty with Pyongyang, including clauses on political, trade, investment, and
security cooperation. A cooperation treaty with Tehran followed this in January 2025.
Beyond ballistic missiles, North Korea has supplied battlefield missiles and rockets to
the Wagner Group for use in Ukraine in 2022. More recently, it has provided artillery,
armoured vehicles, and ammunition to the Russian army. In 2024, North Korea also
deployed 12,000 troops to support Russia’s offensive.” Perhaps observing the success
of Iran’s Shahed-136 exports, reporting suggests that North Korea and Russia will also
collaborate on drone technology.®

North Korea and Iran have long been subject to sanctions and arms embargoes —
and it is not unusual for sanctioned states to work together to offset their effects.
The US, other Western allies and the UN Security Council — imposed sanctions
on Iran’s procurement of Weapons of Mass Destruction (WMD)-related missile
and military goods in response to the Iranian nuclear crisis. North Korea has
also been subject to UN sanctions since 2006, including measures prohibiting
procurement for its WMD and military programmes, as well as an arms embargo
which its transfers to Russia violate.

The international sanctions landscape against these two countries has evolved in
recent years. The Iran nuclear deal led to the gradual expiration of UN sanctions,
including the arms embargo in 2020 and restrictions on its missile programme in
2023. Nonetheless, the US and its partners continue to counter Iran’s procurement
efforts through their own export controls. In August, the three European UN
Security Council members also took steps to ‘snapback’ UN sanctions on Iran

to US approval. UN sanctions on North Korea remain in place, including the arms
embargo and provisions targeting the procurement of WMD and missile-related
technologies. However, the regime has eroded significantly due to North Korea’s
blatant violations — such as arms sales — and reports of reciprocal technology transfers
from Russia, a permanent UN Security Council member. In April 2024, Russia also
vetoed the extension of the UN Expert Panel’s mandate to scrutinise DPRK sanctions
implementation, leaving the sanctions largely unmonitored. At a meeting in Moscow
in May 2025, Putin and Xi Jinping called for an end to sanctions on the DPRK.*

This underscores that Iran and North Korea — like Russia — are actively pursuing
sanction evasion strategies. Wreckage from Iranian UAVs and North Korean missiles
recovered in Ukraine also reveals extensive use of Western components, many sourced
from the black market, just months before being transfered to Russia.™
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8. Gonclusion — on the Impact and Success of Embargoes

The VKS and the Russian aerospace industry have struggled to operate under the
embargo. Nevertheless, despite shortfalls, setbacks, and challenges, they have largely
managed to keep functioning since the strengthening of export controls at the start
of the Ukraine War. Indeed, it remains difficult to distinguish the effects of sanctions
from the broader pressures of the conflict. As with many wartime embargoes, much
of the strain on Russian industry stems from the wartime demands of replacing lost
airframes and replenishing expended munitions, rather than sanctions alone.

Sanctions, however, appear to be a compounding factor — adding to the difficulty

of meeting wartime production demands and constraining the industry’s and VKS’s
ability to acquire advanced systems. The most affected programmes are also the most
advanced, such as the in-service Su-35 and next-generation platforms like the Su-57
multirole fighter and the Su-70 stealth UCAV. These platforms are more reliant on
imported components and manufacturing technologies, though their production has
also slowed due to the need to prioritise replacements for combat losses."”'

In line with the loose framework proposed in C/zpped Wings, emerging evidence from the
second and third years of the conflict shows that Russia’s embargo response includes all
the strategies and tactics outlined in the framework. Figure 2 summarises this evidence.

Coping Strategy and Tactics

Explanation

Evidence / examples

Cannibalise older and

Some evidence of interest in the civil

Cannibalise damaged airframes aviation sector. No clear public evidence
in the military
Seek new suppliers for Evidence in the civil sector
Dependency: spare parts
Continued reliance
on foreign design, Bring in expertise by enticing Use of facilities in Belarus for military
development, foreign technicians and Iran for civil engineering support
manufacturing, Procure . . . -
and supply Scour black or grey markets Extensive evidence in both the military
for spares and civil areas
Seek new suppliers Turning to Iran for long-range UAVs /
for strike capability loitering munitions and North Korea
for SRBMs
- Develop (or use) the capability Extensive import substitution efforts
Maintain . . . .
to produce spares domestically in both the military and civil sectors
Develop (or use) the capability No requirement to replicate foreign
Self-sufficiency? to replicate existing designs aircraft designs; they were Russian
Development of Replicate to begin with. Some replications of
enhanced capabilities the Iranian Shahed-136 UAV design as
domestically Geran-2
Develop (or use) the capabilityto  Efforts to produce next-generation
Innovate design and produce new aircraft ~ systems have been significantly curbed

by sanctions and wartime pressures

Figure 2: Examples of Russian Post-Embargo Strategies and Tactics™
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will have greater
impacts in the
longer term on more
advanced projects
that will enable
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wembargoed state and for those imposing the sanctions. Russia has offset the worst
short-term effects of the embargo, keeping the VKS flying and civil aviation networks
transporting its citizens. However, this limited success has come at the cost of more
ambitious programmes, such as the Su-57 and Su-70 next-generation military aircraft
and civil projects like the MC-21. The relative importance of the sanctions and the
effort to replenish operational losses in incurring this cost is unclear.

The future of the Russian aerospace industry is uncertain, especially if the Ukraine
‘War reaches a negotiated settlement, end, or pause. This has been a stated aim

of the Trump administration in its first months in office. While Putin has pushed
for terms favourable to Russia, his interest in actually ending the conflict is unclear.
An agreement could allow him to claim victory and begin rebuilding the most
degraded elements of Russia’s military. However, Russia has seemed unreceptive
to the Trump administration’s efforts, and the August 2025 meeting between
Trump and Putin in Alaska ended without agreement.

‘While the arms embargo and export controls remaining in place are clearly in the
interests of NAT'O allies — particularly the European members — these measures could
be relaxed or lifted as part of US-Russia diplomatic developments. Russia has a clear
interest in the relaxation of the restrictions. Even if the US eases some restrictions,
European allies and Ukraine may choose to maintain their own. Also, industry may
have limited interest in engaging with aspects of the Russian market that are reopened
to them.™™ In the medium to long term, another critical issue is China’s potential role
in supplying technologies Russia lacks — such as chips, displays, radars, targeting
pods, and precision-guided munitions. A US-Russia deal could prompt China to lift
remaining reservations about transferring such technologies.

Three years after the start of Russia’s illegal war in Ukraine, the efforts to use
embargoes to constrain Russian air power have clearly had some success. While

the VKS has kept flying in the short term, the embargo will have greater impacts

in the longer term on more advanced projects that will enable Russia to compete

in the future. Relaxation of export restrictions would remove a key tool limiting
Russia’s ability to wage future aggression against Ukraine, and potentially NATO.
The future of the embargo will be shaped by high-level politics playing out between
Russia, Ukraine, the US, and the EU. Decisions made at this level — whether to keep
or lift aspects of the embargo — will shape the implementation of export controls,

a significant proportion of industry’s willingness to engage, and the future risk Russia
will pose to Europe.
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