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AT A GLANCE SU-30MKI GROUND TOOLBOX

A foreign-made ground toolbox for the Su-30MKI, studied piece by piece
and rebuilt in India to lower its cost to the Indian Air Force.

Built using Autodesk Inventor

5/16 205 25+ 6

Devices showcased Part designs Sets delivered Critical systems
From the complete toolbox Across all 16 devices Made by a HAL vendor Ailerons, canards, rudder, control stick, pedals and
RBF pins

IN THIS DOCUMENT
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02  The toolbox Control surface protractor 07  Manufacturing
03 Reverse engineering Rudder protractor 08  Foryour fleet
04  Thetools Pedal play device

Control stick protractor 05 Drawings
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O1 PREMISE

The fleet's ground tools were imported and
costly to replace. We rebuilt them for local
manufacturing.

o1

02

03

04

05

L

STUDY

MEASURE

MODEL

APPROVE

PROVE

m TACTILE DESIGN

Foreign-made samples from the Su-30MKI toolbox, examined device by
device through NDT and careful teardown.

Every feature photographed against a scale, then measured by hand. No 3D
scanning was used.

Each device parametrically rebuilt in CAD, part by part, with a drawing for
every part.

Models, drawings and inspection reports taken through HAL's approval
process, over months of refinement.

Prototypes made and tested on the aircraft before the sets were
manufactured.

SU-30MKI GROUND TOOLBOX
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O2 THE TOOLBOX

WHAT THE
TOOLBOX HOLDS

Ground equipment that maintenance crews use to set up and
check the aircraft's flight controls. Each device had to be an
exact replica of the original in form and function, giving the
same readings.

m TACTILE DESIGN

o1

02

03

o4

05

MEASUREMENT SCALES

DYNAMOMETERS

CALIBRATION

CASINGS

RBF PINS

SU-30MKI GROUND TOOLBOX

Scales that sit on the airframe and read angles or positions directly with moving
indicators.

Force gauges that measure the effort needed to move the stick and pedals.

Protractors and gauges that check the travel and deflection of each control surface.

Cases and housings that carry and protect the devices and their components.

Remove-before-flight pins that lock the ailerons, control stick, rudder and other parts
on the ground.
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O3 REVERSE ENGINEERING SU-30MKI GROUND TOOLBOX

MEASURED
FEATURE BY
FEATURE

There was no documentation to start from, only the field
samples. Each part was photographed square to the lens
beside a reference, and the photo was scaled in CAD to trace
its outline. Every hole, slot, radius and thickness was then
measured on the sample and checked against the model. This
kept the work moving before a 3D scanner was available.

[

Pivot arm traced over its photo

N

Mounting plate, dimensioned

3 Scale arm and quadrant
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04 THE TOOLS

CONTROL STICK
PROTRACTOR

Clamps to the pilot's control stick and reads how far it moves
in each direction. A weighted pendulum scale hangs true to
gravity, so the angle is read against the vertical.

PARTS 26 part designs
SHEETS 28
MATERIAL EN-19, EN-24, 6082 aluminum

m TACTILE DESIGN

SU-30MKI GROUND TOOLBOX
H G | D c B A
NOTE :-
1. TOLERANCE ON FREE DIMENSION AS PER 1S-2102-C
" 2. ROUND OFF NON WORKING SHARP EDGES i
3. DRAWING IS MADE FROM RUSSIAN SUPPLIED SAMPLE
4. WELD BY ELECTRIC ARC WELDING AS PER 1S-816, CLEAN THE SEAMS
36_|STANDARD JCAPRON CHORD 1 |CAPRON 15:2819 03X 100 [COMMERCIAL
35_|STANDARD SLOTTED SET SCREW 1 [15-15629 NA UNBRAKO MAKE OR EQ
34_|STANDARD HEXAGON THIN NUT 1 [1513724 5 UNBRAKO MAKE OR EQ
— | 33_|STANDAR SLOTTED CS FLAT HEAD SCREW 1 [1s1365 X20 UNBRAKO MAKE OREQ _|—
2| STANDARI SLOTTED CS FLAT HEAD SCREW 1 [151365 X8 UNBRAKO MAKE OR EQ
[ 31_|STANDAR SLOTTED CS FLAT HEAD SCREW 1 [151365 5X4 UNBRAKO MAKE OR EQ
ANDAR WING NUT 1 (15263 UNBRAKO MAKE OR EQ
[ 29 [STANDAR SLOTTED CS FLAT HEAD SCREW 1 [151365 X12 UNBRAKO MAKE OR EQ
[ 28 |STANDAR BEARING SKF: 619/7-2 17X1D7X5MM_|SKF OR EQ
[27_|STANDARD CIRCLIP oMM UNBRAKO MAKE OR EQ
jLi26ll] - X2 HRC
[2 | - 12X50
4 - 5X6X2
3 [ = 6X50 3
[l 2 - 7X20
. 21 ES 05X 60
SIDE (1:2) 20 1 [en- 010X 50
19 [CONTROL STICK ADJUSTABLE CLAMPING BRACKET | 1 |EN- 40X30X20 HRC 28-35
18 INEUTRAL SITTING KNOB 3 |HE: - AL-6082 | 20 X 50 [ANODIZED 10-15 MICRON
17 [ADJUSTABLE SCREW SLEEVE WASHER 2 [EN-19 BSH 020%20 HRC 28-35
16 [ADJUSTANBLE SCREW SLEEVE KNOB 1| HE-30 GRADE: AL-6082 [0 20 X 25 [ANODIZED 10-15 MICRON
15 [ADJUSTABLE SCREW SLEEVE 1 |EN-19 BSH 020%35 HRC 28-35
4 FIX SCALE ADJUSTABLE SCREW BRACKET 1 |EN-24 85 30X30X30 HRC 28-35
3 [FIX SCALE UNIT SCREW HOLDER WASHER 2 [EN-19 85 12X20 HRC 28-35
2 [BEARING TOP WASHER 1 [EN-19 B+ 20X20 HRC 2835
1 BEARING BOTTOM WASHER 1 [EN-19 B+ 0 %20 HRC 28-35
10 [CENTER ASSEMBLY SCREW 1_[EN-19 BS:97 X 100 HRC 28-35
9 BODY 1_|HE-30 GRADE: L6082 [150 X 100 X 100 [ANODIZED 10-15 MICRON
8 FIX SCALE UNIT ADJUSTABLE SCREW 1 [EN-19 BS:97 06X 100 HRC 28-35
7 FIX SCALE UNIT SCREW HOLDER 1 [EN-19 85 015X 50 HRC 28-35
6 FIX SCALE UNIT BRACKET 1 [EN-24 85 110X 45X 20 HRC 28-35
5 SCALE 1 50X 15 X 10 [ANODIZED 10-15 MICRON
2 T SCALE HOLDER 1 150 X50X 3 [ANODIZED 10-15 MICRON | 2
3 HREADED DEAD WEIGHT 1 030X25 HRC 26-35
2 EAD WEIGHT 1 030X25 ’Wc 2835
1 PENDULAM SCALE 1 |HE-30 GRADE: AL-6082 [225 X 130 X5 |ANODIZED 10-15 MICRON
ITEM PART NUMBER DESCRIPTION aQry MATERIAL size ‘ REMARK
PARTS LIST
SU30-MKI
] 19-07-2024 DATE
ﬁm‘ HINDUSTAN AERONAUTICS LTD. SCALE NTS E} @
COMP ISSUE
TOOL ISSUE ¢ ”A‘ TRACED 19-07-2024
AMD, NASHIK
0.05-0.8y SUPER FINISH DESIGNED 19-07-2024
1.6:6.3p FINE CHECKED 19-07-2024
TOOL DESIGN DEPARTMENT
10-40p MEDIUM APPROVED 19-07-2024
1 mobrFicaTion [s0520 oG | NEXT ASSY : |:] 1
P-P ( 152 ) AS PRODUCED
. [ DWG NO :
ISOMETRIC (1:2) — |
REASON PROTRACTOR TOOL FOR MEASURING AIRCRAFT CONTROL STICK NA
SIGNATURE DISPLACEMENT ANGLES
SHOP NO 0 30 NOO TORNO O SHEET : A2
H G D C B | A
ASSEMBLY DRAWING, SHEET 1 OF 10
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04 THE TOOLS

STABILIZER
SETTING RULER

A curved, graduated ruler that sits on the horizontal stabilizer
and reads its setting angle. It is made as a left and right pair,
one the mirror of the other.

PARTS

SHEETS

MATERIAL

6 part designs, made in LH/RH
7

EN-19, 6082 aluminum

»
. s

m TACTILE DESIGN

SU-30MKI GROUND TOOLBOX

H G F D Cc B A
4 ; /j@
-
— Ly g -
TOP(1:2)
3
7 |STANDARD SLOTTED CS FLAT HEAD SCREW 8 NA 15-1365 M3 X 10 QERAKO MAKE OR EQ
6 HANDLE BUSH 8 & EN-19 BS:970 ?7X10 HRC 28-35
5 HANDLE SHAFT 4 6 E-lg BS:970 24X50 HRC 28-35
4 I THREADED WASHER 4 5 EN-19 BS:970 D25X5 HRC 28-35
3 I THREADED SCREW 4 4 EN-19 BS:970 ?13X15 HRC 28-35
2 2 SCALE BRACKET 2 3 HE-30 GRADE: AL-6082 400 X 200 X 5 RED ANODIZED 10-15 MICRON
1 ICOMPASS SCALE 2 2 HE-30 GRADE: AL-6082 1200 X 200 X 10 |RED ANODIZED 10-15 MICRON
-
ISOM E-rRIC ( 1 a3 4 ) % ITEM PART NUMBER DESCRIPTION QTY | REF SHEET MATERIAL SIZE ‘ REMARK
™,
'g\ PARTS LIST
SU30-MKI
] 19-07-2024 DATE
S T fflr)ﬁ HINDUSTAN AERONAUTICS LTD. ScALE NTS E}@
¢ 3
5 | NOHAL =
0.05-0.8u SUPER FINISH A D, RASHIK DESIGNED 19-07-2024
1.6-6.3p FINE TOOL DESIGN DEPARTMENT CHECKED 19-07-2024
NOTE . 10-40p MEDIUM APPROVED 19-07-2024
1 Cn MODIFICATION | 80-320p ROUGH SRS ,—| NEXT ASSY : ,—|
1. TOLERANCE ON FREE DIMENSION AS PER IS-2102-C S PRODUCED
2. ROUND OFF NON WORKING SHARP EDGES DWGRG -
3. DRAWING IS MADE FROM RUSSIAN SUPPLIED SAMPLE e T :l
REASON | DEVICE FOR MEASURING HORIZONTAL STABILIZER |
SIGNATURE SETTING ANGLES
SHOP NO 0 JTONO 0 TDR NO 0 sweeT: w2
H | G | F D C B | A

ASSEMBLY DRAWING,

SHEET 1 OF 5
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04 THE TOOLS

CONTROL SURFACE
PROTRACTOR

One protractor for the stabilizer, ailerons, canards and other
horizontal surfaces. It clamps to the surface and reads its
angle on a broad engraved scale.

PARTS 18 part designs, made in LH/RH
SHEETS 19
MATERTAL EN-19, EN-24, 6082 aluminum

m TACTILE DESIGN

SU-30MKI GROUND TOOLBOX

H G F E D (o B A
4 4
o ISOMETRIC (1:2)
SLOTTED SET SCREW 15-15629 M3 X6 |UNBRAKO MAKE OR EQ
3 HEXAGON THIN NUT 15-13724 M6 |UNBRAKO MAKE OR EQ 3
SLOTTED CS FLAT HEAD SCREW 15-1365 M5 X 14 UNBRAKO MAKE OR EQ
\WING NUT 15-2636 M6 UNBRAKO MAKE OR EQ
OD 17 X 1D 7 X 5MM |SKF OR EQ
D1: 6MM UNBRAKO MAKE OR EQ
06X30 -35
220X 10 -35
?20X25 -35
15  THREADED ROD 1 20 X 40 -
14 LOCK SHAFT 2 6 X 50 -
13 HINGE BODY 1 10 X 40 X 40 -
12 LOCK SHAFT 1 6X20 -
1 'WASHER 6 12X 1 -
10 HINGE BODY 1 15X -
9  THREADED ROD 1 6 X 1 -
i . 8 \WASHER 2 2 -
FRONT ( 1:1.5) SIDE (1:1.5) 7 = : i :
3 PADDING 1 |NITRILE RUBBER BS:2751 |50 3 ‘COMMERCIAL
5 [BODY PART 1 HE-30 GRADE: AL-6082 50 40 HRC 28-35
2 4 DIAL 1 EN-24 BS:970 180 X 140 X 20 HRC 28-35 2
3 [BODY PART 3 HE-30 GRADE: AL-6082 150 X 60 X 20 | ANODIZING 10-15 MICRONS
B [BODY PART 1 HE-30 GRADE: AL-6082 200 X 50 X 60 | ANODIZING 10-15 MICRONS
1 PROTRACTOR 1 HE-30 GRADE: AL-6082 200 X 300 X 5 | ANODIZING 10-15 MICRONS
ITEM PART NUMBER DESCRIPTION QTY MATERIAL SIZE REMARK
PARTS LIST
SU30-MKI
] 19-07-2024 DATE
ﬁm HINDUSTAN AERONAUTICS LTD. SCALE NTS -E} @
COMP ISSUE % 'Y
TOOL ISSUE ¢ ”A‘ TRACED 19-07-2024
/AMD, NASHIK
N OTE - 0.05-0.84 SUPER FINISH DESIGNED 19-07-2024
1.6-6.3p FINE CHECKED 19-07-2024
TOOL DESIGN DEPARTMENT
1. TOLERANCE ON FREE DIMENSION AS PER IS-2102-C S ] pEOE) D0
80-320p ROUGH 2
1 2. ROUND OFF NON WORKING SHARP EDGES e e comP NO AR 1
'AS PRODUCED
3.  DRAWING IS MADE FROM RUSSIAN SUPPLIED SAMPLE —
4. WELD BY ELECTRIC ARC WELDING AS PER IS-816, CLEAN THE SEAMS = e
REASON PROTRACTOR TOOL FOR MEASURING ANGLE OF STABILIZER, AILERON,
SIGNATURE (CANARD AND OTHER HORIZONTAL SURFACES (PLANES) NA
SHOP NO 0 JTONOO TDRNO 0 SHEET : A2
H | G | F E D c B A

ASSEMBLY DRAWING, SHEET 1 OF 6
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O4 THE TOOLS SU-30MKI GROUND TOOLBOX

RUDDER S S S S B S S S S S
PROTRACTOR

Reads the rudder's deflection angle either side of neutral. A
quadrant scale mounts on the fin and a pointer follows the
rudder as it moves. —

ISOMETRIC ( 1:3 )

NOTE :-

1. TOLERANCE ON FREE DIMENSION AS PER 1S-2102-C
2. ROUND OFF NON WORKING SHARP EDGES

PARTS 11 part deSignS 3 3. DRAWING IS MADE FROM RUSSIAN SUPPLIED SAMPLE 3

S H E E T S 12 17 | STANDARD CAPRON CHORD 1 CAPRON 15:2819 03X 100 COMMERCIAL
16 | STANDARD HEX NUT 3 15-1363 M8 UNBRAKO MAKE OR EQ
15_|STANDARD HEX BOLT 3 |i51364 MBX 40 UNBRAKO MAKE OR EQ
14 |STANDARD SLOTTED CS FLAT HEAD SCREW 5 M6 X 25 UNBRAKO MAKE OR EQ
13_|STANDARD CASTLE NUT 1 M10 UNBRAKO MAKE OR EQ
. T FRONT (1:2) 12| STANDARD SPLIT PIN 1 01x25 UNBRAKO MAKE OR EQ
MATERIAL EN-lg, 6082 alu“”nu”], nylon 11 WING NUT 1 022x45 HRC 28-35
10 LOCK PIN 1 ©3X30 HRC 28-35
9 ASSEMBLY SHAFT 1 215X 70 HRC 28-35
8 DEAD WEIGHT 1 025X 50 HRC 28-35
7 ADJUSTABLE KNOB 1 0 20 X 25 HRC 28-35
6 [STOPPER 1 06x20 COMMERCIAL
5 "THREADED KNOB i 08X90 HRC 28-35
% 'WASHER * 024X 10 HRC 28-35
2 3 PROTRACTOR SCALE 1 275X 200X 15 2
2 PROTRACTOR BASE 1 ] : AL-¢
3 PROTRACTOR 1 ] 2 AL-¢ RED ANODIZED 10-15 MICRON
ITEM PART NUMBER DESCRIPTION Qry MATERIAL SIZE | REMARK
O ﬂ PARTS LIST
SU30-MKI
" 19-07-2024 DATE
q 74 Tl HINDUSTAN AERONAUTICS LTD. SCALE NTS E}
COMP ISSUE % 'Y
@ TOOL ISSUE ¢ ”A‘ TRACED 19-07-2024
- /AMD, NASHIK
0.05-0.8y SUPER FINISH DESIGNED 19-07-2024
1.6-6.3p FINE CHECKED 19-07-2024
(&=} TOOL DESIGN DEPARTMENT
[G— O 10-40 MEDIUM APPROVED 19-07-2024
TOP ( 152 ) MODIFICATION [ 80-3204 ROUGH NEXT ASSY :
1 COMP NO 1
'AS PRODUCED
DWG NO :
NAME ITEMNO :
REASON
PROTRACTOR TOOL FOR MEASURING RUDDER DEFLECTION ANGLES NA :
SIGNATURE
SHOP NO 0 JTONOO TDRNO 0 SHEET : A2

ASSEMBLY DRAWING, SHEET 1 OF 6
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04 THE TOOLS

PEDAL PLAY
DEVICE

Measures free travel and play in the rudder pedals: how far a
pedal moves before the control system responds. It clamps
on and reads the travel on a sliding scale.

PARTS 10 part designs
SHEETS 11
MATERIAL EN-19, 6082 aluminum

m TACTILE DESIGN

SU-30MKI GROUND TOOLBOX

H G F E D [ B A
4 4
ISOMETRIC (1:2)
o) k)
) O | Q
FRONT ( 1:1.5)
3 3
17_[STANDARD 'gzcuv 4153075 D1: 6MM UNBRAKO MAKE OR EQ
16_| STANDARI RULER 1 |KRISTEEL70185 300X 15X 05 KRISTEEL OR EQ
15| STANDAR RIVET 5 [15:297 M6 X 20 UNBRAKO MAKE OR EQ
14_|STANDAR RIVET 3 [15:297 M5 X 14 UNBRAKO MAKE OR EQ
(16) 13| STANDAR SLOTTED CS FLAT HEAD SCREW. 2 [15-1365 M3 X 12 UNBRAKO MAKE OR EQ
12| STANDAR SLOTTED ROUND HEAD SCREW 1 [151366 M3 X8 UNBRAKO MAKE OR EQ
11_|STANDARD SPRING 1154454 \KO MAKE OR EQ
I—_'m 4 |EN-19B5:970
= 9 AXCE 2 [EN-1985:970
) 8 FLANGE BOLT 2 [EN-1985:970
7 CLAMP g
6 PIN 1
5 L BRACKET 1 |HE-30 GRADE: AL-6082 50 X 25 X 20 Iﬂomzs 10-15 MICRON
2 4 SLIDER T |EN-1985970 450X 25 X 10 HRC 28-35 2
@ F ( 1:1.5 ) 3 ICHANNEL 1 |HE-30 GRADE: AL-6082 90X 60 X 30 [ ANODIZE 10-15 MICRON
2 PROFILE T |HE-30 GRADE: AL-6082 100X 25X 15 [ANODIZE 10-15 MICRON
1 BRACKET 1__|HE-30 GRADE: AL-6082 250X 250X 25 [ANODIZE 10-15 MICRON
ITEM PART NUMBER DESCRIPTION Qry MATERIAL size REMARK
PARTS LIST
SU30-MKI
1 19-07-2024 DATE
ﬁm HINDUSTAN AERONAUTICS LTD. SCALE NTS -E} @
COMP ISSUE % T
TOOL ISSUE ¢ HAL TRACED 19-07-2024
AMD, NASHIK
0.05-0.8y SUPER FINISH DESIGNED 19-07-2024
1.6-6.3u FINE CHECKED 19-07-2024
TOOL DESIGN DEPARTMENT
10-40 MEDIUM APPROVED 19-07-2024
MODIFICATION [ 80-3204 ROUGH NEXT ASSY :
1 COMP NO I | 1
N OTE . AS PRODUCED
- DWG NO :
1. TOLERANCE ON FREE DIMENSION AS PER 1S-2102-C =
2. ROUND OFF NON WORKING SHARP EDGES e Vi FORCHENS TN PR ATEL AN A VRIS O ATHERAT 0
3. DRAWING IS MADE FROM RUSSIAN SUPPLIED SAMPLE
SHOP NO 0 JT0NO0 TORNO O SHEET : A2
H | G | F E D c B A

ASSEMBLY DRAWING,

SHEET 1 OF 5
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OS5 DRAWINGS

A DRAWING FOR
EVERY PART

Each part has its own shop-floor sheet: views, dimensions
and tolerances, material and stock size, hardness, plating or
anodizing, and the markings to stamp and paint.

COMPLIANCE IS 2102-C, IS 10949, IS 1868, IS 6057,
IS 2932, IS 1573, IS 13417, IS 9609,
IS 816, BS 970, BS 2751
STEEL EN-19 and EN-24, HRC 28 to 35
ALUMINUM 6082, anodized 10 to 15 um
MARKING Stamped scales, PU paint, embossing

m TACTILE DESIGN

SU-30MKI GROUND TOOLBOX

FRONT(1:1)

T2 ISOMETRIC(1:1),

NOTE :-
TOLERANCE ON FREE DIMENSION AS PER 15 2102C
ROUKD OFF KON WORKING SYARD EDGES

DRAMING IS WADE FROM RUSSIAN SAMPLE

STANP TOOL TEX HEIGHT A& SHH AND DEPTH 021

sE(1:1)

NOTE :-
1. TOLERANCE ON FREE DIMENSION S PER Is2102C ||
2. ROUND OFF NON WORKING SHARD EDGES.

o (15:1)

e

I\

T\

ac(isi)

i

S(a:n)

NOTE :-
1. TOLERANCE ON FREE DIMENSION AS PR IS2102.C
epces

5 HRC 354088 PERIS 13417
& ENAMEL FLLING AS COLOR BLACK

ISOMETRIC (15:1)

ISOMETRIC (1:1)

NOTE :-
1. TOLERANCE O FREE DIENSION AS ER IS2102:C
21 ROUND OFF NON WORKING SYARD EDGES

5
3 SIGNALRED COLOR PU PAINT A5 PR 1510949
5 RED ANODIZE 10.15 MICRON AS PER 15,1868




O6 APPROVAL

Every device went through HAL's design approval process,

then field trials on the aircraft.

SU-30MKI GROUND TOOLBOX

Ol

3D MODEL

The complete device, modeled
from the sample, then reviewed
and approved.

m TACTILE DESIGN

02

2D DRAWINGS

Assembly and part drawings,
checked sheet by sheet against
the samples.

03

PROTOTYPE

Made to the approved drawings
and inspected on a CMM.

04

FIELD TRIALS

Prototypes used on the aircraft
by the crews who need them,
with the results cross-checked.

05

SETS ORDERED

With the trials passed, multiple
sets were cleared for
manufacture and delivered by
the vendor.
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O7 MANUFACTURING SU-30MKI GROUND TOOLBOX

MACHINED, CAST,
PRINTED & MORE

The prototypes were CNC machined and refined over several
iterations, each checked against the samples. Complex
shapes that would be slow or costly to machine from solid
were 3D printed as patterns, sand cast, then machined to
size. Finishes such as glass-bead blasting, anodizing, enamel
coating and laser engraving were chosen to suit how the sets
are used in service.

1 Machined prototype parts

2 SLA printed pattern for a cast part

m TACTILE DESIGN 13/15



O8 FOR YOUR FLEET

When a tool or spare has no drawings,
we can rebuild it for you.

01 STUDY

02 MEASURE

03 MODEL

04 DRAW

05 PROVE

m TACTILE DESIGN

Samples of tools, fixtures or parts, examined and photographed in detail.

Feature by feature, by hand or with a 3D laser scanner.
Complete assemblies in CAD, every part recreated as it will be made.

Shop-floor drawings to your standards and title block, ready for approval

Prototypes machined, printed or fabricated, then tested and revised.

) L TR Y 340338 NN

REPRESENTATIVE PHOTOGRAPH

SU-30MKI GROUND TOOLBOX
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SU-30MKI GROUND TOOLBOX

LET'S BUILD o
T E NEXT ONE

PHONE +917276090421 CALL OR WHATSAPP

WEBSITE www.tactiledesign.in
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