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Tilt-Torch (TT-1) 
Overview, assembly and testing

 

A separate Design Detail document, containing the TT-1 design process and theory, is in production.  

What does it do?    

 The Tilt-Torch can be anything from a simple push-button 

torch to a tilt and low-light activated flashing emergency 

beacon. The components loaded onto the printed circuit 

board determine the function performed ς options being: 

1. Push-button torch 

2. Tilt activated torch 

3. Tilt and low-light activated torch 

4. Tilt and low-light activated torch / flashing beacon  

      (the TT-1 kit contains all components for this option,  

       including the plastic screw-top vial ς as shown here)   

The tilt-sensor switches ON when the assembly is held horizontally as a torch, or stood vertically as an 

emergency light or flashing beacon.     
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1    Overview 

1.1  Push-button or tilt activated torch 

With four components, two links and a battery 

snap soldered to the printed circuit board, the 

 TT-1 becomes a simple torch. 
 

Either a push-button membrane switch (S1) or a 

tilt switch (S2) can be used. Resistor R5 limits 

the current through LEDs D1 and D2. 
 

The assembly can be attached to the 9V PP3 

battery with double-sided tape, or both can be 

fixed to a base-plate (two mounting holes are 

provided on the TT-1 board for this purpose). 
 

With the tilt switch fitted, the assembly and 

battery can be housed inside a transparent 

plastic screw-top vial (see page 3 for details).  
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1.2  Tilt and low-light activated torch  

Additional components Q1, Q2 and R1 

introduce electronic switching between the tilt 

switch S2 and the LED circuit D1, D2 and R5.  
 

The tilt switch controls the base current to Q2, 

which is limited by R1. Transistors Q2 and Q1 

amplify this current to drive the LED circuit. 

 

With LDR1 installed, there is current division at 

the junction of R1, LDR1 and Q2. Under high-

light conditions when LDR1 resistance is low, 

most of the current from R1 flows through LDR1 

ς bypassing Q2 and switching OFF the LEDs. 

Under low-light conditions when LDR1 

resistance is high, most of the current from R1 

flows into Q2 ς switching ON the LEDs. 
 

The assembly and battery can be housed in a 

transparent plastic screw-top vial (see page 3).   
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1.3  Tilt and low-light activated torch / flashing beacon  
           (the TT -1 kit contains all components needed for this)  

Additional components R2, R3, C2 and 

timer circuit U1 cause the LEDs to flash. 

The ON time of the LEDs is controlled 

by R3 and C2, and the OFF time by R2, 

R3 and C2. 
   

Flashing can be disabled by linking the 

two pins of connector J1 with the 

ΨǎƘǳƴǘΩ provided in the TT-1 kit (see 

assembly sketch below).  

To

D1, D2

and

R5
From tilt

and

low-light

switch
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When connecting battery snap to 

battery, pass the wires between them
Leave 
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1.4  Installing in plastic screw-top vial supplied in TT-1 kit  
  

Cut this insulating sheet from 

thin card or plastic.

 (not supplied in the kit) 

Cut a 5 mm x 5 mm

notch for wires to 

pass from the battery 

to the PCB assembly

View through transparent 

end of container

View through screw-cap 

end (with cap removed)

68 mm

3
2

 m
m

Slide an 8 mm length of 5 mm I.D. tube (supplied) 

over LDR1 to reduce light interference from LEDs
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2    Assembly guide 

Refer also to the documentation provided with the kit. 

Before assembly 

Wash hands before handling components. Contamination affects solderability and long-term reliability 

of the assembly. 

During assembly 

¶ Wear eye protection, particularly when cropping wires ς flying offcuts injure eyes 

¶ There are no static-sensitive components in the TT-1, but it is always wise to use a wrist-strap and 

anti-static mat (or equivalent anti-static practices) when handling semiconductors   

¶ When bending the lead-wire of a component, grip the wire with small pliers and bend the free end 

of the wire ς so the pliers isolate the component package from bending forces 

¶ After loading wire-leaded components onto the PCB, semi-clinch (45° bend) and crop the wires to 

about 1.5mm from the board surface 

¶ Use a fume extractor when soldering. 

Assembly sequence (refer to documentation in TT-1 kit) 

Component Comment 

R1 ς R5 
Non-polarised, but for ease of reading colour codes load resistors with gold 
tolerance bands toward the top edge or right hand side edge of PCB 

C1, C2 Non-polarised (ceramic capacitors), so load either way around 

J1 Check orientation ς the shorter pins are soldered    

S2 

¶ Check orientation of lead wires before bending 

¶ Bend the two lead wires about 3 mm from the tilt switch body, then load the 
switch into position and solder in place 

¶ Bend a thin wire off-Ŏǳǘ ƛƴǘƻ ŀ Ψ¦Ω ǎƘŀǇŜ ǘƻ ǎǳƛǘ ǘƘŜ ŎǳǊǾŀǘǳǊŜ ƻŦ ǘƘŜ ǘƛƭǘ-switch 
body, and push the two wire ends through the two unused S1 holes that are 
nearer the lead wire end of S2 

¶ DŜƴǘƭȅ ǇǳǎƘ ǘƘƛǎ ǿƛǊŜ Ψ¦Ω Řƻǿƴ ƻƴǘƻ ǘƘŜ ǘƛƭǘ ǎǿƛtch, and solder the two wires to 
the S1 pads. This ǿƛǊŜ Ψ¦Ω ƘƻƭŘs the tilt switch in position.   

U1 socket 
Check orientation ς the notch on the end of the socket aligns with the notch on 

the U1 outline on the PCB 
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Q1, Q2 

¶ Check orientation ς the flat surfaces on the transistor bodies align with the flat 
sections of the Q1 and Q2 outlines on the PCB 

¶ Gently bend the transistor leads to suit the hole spacing 

¶ Before soldering in place, ease the transistors down until there is about 2 mm 
clearance between the transistor bodies and the PCB   

LDR1 

¶ Non polarised, so load either way around 

¶ Before soldering in place, ease the LDR down until there is about 3 mm 
clearance between the LDR body and the PCB 

¶ Slide an 8 mm length of 5 mm I.D. tube (supplied in the kit) over the LDR to 
reduce light interference from LEDs D1 and D2 

D1, D2 

Check LED polarity before bending lead wires 

A  (anode)

K (cathode)

Flat section 

on rim

Larger  metal 

tab  

Bend the lead wires about 5 mm from the LED 

body before loading onto the PCB 
  

5mm

 

Battery snap 

For use in the plastic screw-top vial supplied with the 

TT-1 kit, pass the two wires through the central 

mounting hole before soldering to the + and ς pads 

(see sketches on page 3)  
       

For use on a base-plate, leave the central mounting 

hole free for a bolt or screw. Pass the two wires 

through the outer support holes before soldering to 

the + and ς pads (see sketches on page 2) 
  

U1 

Check orientation ς some IC packages have a notch marking on one end which 

aligns with the notch on the socket. Other packages ƳŀǊƪ ΨǇƛƴ мΩ ǿƛǘƘ ŀ ǎƳŀƭƭ 

indentation ς align this end of the package with the notch on the socket.  

After assembly  

¶ In a well ventilated area, clean resin from the completed assembly with isopropyl alcohol and a 
small flux brush 

¶ Buff the soldered side of the cleaned assembly with a clean, stiff-bristled paint brush - a 25 mm 
wide paint brush with bristles cut back to about 20 mm length is ideal 

¶ Visually inspect all solder joints, and re-work / re-clean where necessary  

¶ Wash hands to remove resin and solder residues. 
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3    Test procedure    

If a TT-1 does not behave as suggested below, check the assembly for solder joint integrity, correct 

component values, and correct component orientation on the PCB. 

Equipment required 

¶ Complete TT-1 board assembly (as constructed from TT-1 kit)  

¶ 9 V battery 

Procedure 

1. Temporarily disable the flash option by linking the two pins of J1 with the shunt provided in the kit 

2. Position the TT-1 assembly vertically, as shown in Figure 3-1. The LEDs remain OFF 

3. Position the assembly horizontally, as shown in Figure 3-2, and shield the LDR1 from light with a 
hand or pen-top. The LEDs illuminate 

4. Expose LDR1 to light, and the LEDs switch OFF 

5. Position the assembly vertically, as shown in Figure 3-3, shield LDR1 from light (the LEDs switch ON), 
and expose LDR1 to light (LEDs switch OFF) 

6.  9ƴŀōƭŜ ǘƘŜ ŦƭŀǎƘ ƻǇǘƛƻƴ ōȅ ǊŜƳƻǾƛƴƎ ǘƘŜ ǎƘǳƴǘ ŦǊƻƳ ǘƘŜ ǘǿƻ Ǉƛƴǎ ƻŦ WмΣ ŀƴŘ ΨǇŀǊƪƛƴƎΩ ƛǘ ƻƴ ǘƘŜ ƻƴŜ 
pin nearest D2 (when on this pin, the shunt can lay flat on the PCB)   

7. Repeat steps 2 to 5 above. The LEDs will flash where they were continuously ON before. 
 

Figure 3-1  Torch OFF Figure 3-2  Torch ON Figure 3-3  Torch ON 

9 V battery

 

 

9 V

battery

 
 

Tilt switch action 
In Figure 3-1, the roller ball in the tubular tilt 
switch (S2) rests at the end opposite the wire 

input connections. The roller ball only contacts 
the metal case, so the switch is electrically open. 

 
In Figures 3-2 and 3-3, the roller ball rests at the 
wire input end. The roller ball now contacts both 
the metal case and the central wire connection, 

electrically closing the switch. 

9 V battery
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4    Typical performance figures     

4.1  LED flash timing  

The NE555 timer IC operates as an astable oscillator, controlling the cyclic charging and discharging of 

capacitor C2 using current limited by resistors R2 and R3.    

The LEDs are ON while C2 discharges via R3: 
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The LEDs are OFF while C2 charges via R2 and R3: 
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The total period (T) of this ON/OFF cycle is therefore: 
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s
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Figure 4-1   Astable oscillator circuit 

 
 

Assumptions: 

All components ŀǊŜ ΨƛŘŜŀƭΩΣ ŀƴŘ 

manufacturing tolerances are 

ignored.    

In practice, the manufacturing tolerances of resistors R2 and R3 (5%) and the ceramic capacitor C2 

(20%) influence these figures. A ceramic capacitor is used in the TT-1 kit because it is small enough to 

allow the assembly to fit into the plastic vial, and there is usually little need for timing accuracy. 

If an application does require greater timing accuracy than this, and the TT-1 is to be housed in a larger 

container, a polyester MKT style capacitor (tolerance 5%) can be used in place of the ceramic capacitor. 

4.2  Battery supply current  

In the push-button or tilt activated torch, the battery is connected directly across the LED bias circuit, 

so the battery current is the same as the LED current ς which is calculated in section 4.2.1. 

In the tilt and low-light activated torch, the battery current is the sum of the LED current and the Q1 

base current. This base current is so small (about 90 µA) that the battery current is dominated by the 

LED current ς which is calculated in section 4.2.2 

In the tilt and low-light activated torch / flashing beacon, the battery current is the sum of the LED 

current, the Q1 base current (about 90 µA), and the NE555 supply current (about 6 mA).  The battery 

current is therefore about 6 mA greater than the LED current ς which is calculated in section 4.2.3.    
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4.2.1 Push-button or tilt activated torch  

Switch S1 or S2 connects the battery across the 

D1, D2, R5 combination with negligible voltage 

loss. The battery voltage is distributed as shown in 

Figure 4-1, and the resulting LED current can be 

calculated: 
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This is also the total current drawn from the 9 V 

battery. 

Figure 4-2  Voltage distribution with push button 
                     or tilt switch in current path 
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Assumptions: 

Battery voltage = 9.0 V 

White LED forward voltage = 3.0 V 

 

4.2.2 Tilt and low -light activated torch  

Switching transistors Q1 and Q2 introduce an 

additional loss of about 800 mV. The battery 

voltage is now distributed as shown in Figure 4-3. 

 
The resulting LED current can be calculated: 
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This is approximately the total current drawn from 

the 9 V battery.  

Figure 4-3  Voltage distribution with Q1 and Q2 
                     in current path 
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Assumptions: 

Battery voltage = 9.0 V  

(Q1, Q2) saturation voltage = 800 mV  

White LED forward voltage = 3.0 V 
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4.2.3 Tilt and low -light activated torch / flashing beacon  

 
The NE555 timer IC (U1) introduces an additional 
loss of about 200 mV. The battery voltage is now 
distributed as shown in Figure 4-4. 
 

The resulting LED current can be calculated: 
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This current flows while the LEDs are ON. If the 
flash option is enabled, the average LED current is 
about one third of this, or 4 mA. 
 

After adding 6 mA for the NE555, the average 
current drawn from the 9 V battery is about 17 mA 
(flash disabled) or 10 mA (flash enabled).   

Figure 4-4  Voltage distribution with Q1, Q2 and 
                     NE555 in current path 
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Assumptions: 

Battery voltage = 9.0 V 

(Q1, Q2) saturation voltage = 800 mV 

NE555 output voltage loss = 200 mV  

White LED forward voltage = 3.0 V 

4.3  Expected battery life  

From previous calculations, the worst-case TT-1 battery current is about 17 mA. The lowest battery 

voltage acceptable to the TT-1 is about 6 V, which is that required to forward-bias the two white LEDs.  

 

Typical discharge curves for the Energizer 522 alkaline battery indicate that this battery will power the 

TT-1 for about 30 hours continuously (Figure 4-5) and closer to 40 hours when the TT-1 is used 

intermittently (Figure 4-6). 

Figure 4-5  Constant current load  Figure 4-6  Intermittent current load  

 

 
 

Maximum current = 9 V / 620 Ҡ 
                           = 15 mA      

_____________________________________________ 

 


