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Introduction to Three-Phase Transformer
Connections

Three-phase transformers are fundamental components in modern power systems, responsible for stepping voltage

levels up or down while transferring electrical energy across the grid. The way the individual windings of a

three-phase transformer are interconnected — either in a Delta (∆) or Wye (Y / Star) pattern — has profound effects

on voltage ratios, current distribution, phase relationships, harmonic behavior, fault current paths, and system

grounding.

This guide covers the four primary winding configuration combinations used in industry and utility applications:

Delta–Delta, Wye–Wye, Delta–Wye, and Wye–Delta. For each configuration, the physical connection, key

electrical characteristics, advantages, disadvantages, and common applications are presented.

Quick Comparison

Configuration Phase Shift Voltage Ratio Typical Use Grounding

Delta – Delta (∆–∆) 0° N:1 (turns ratio) Industrial, HV-to-HV Neither side grounded

Wye – Wye (Y–Y) 0° N:1 (line-to-neutral) Utility distribution Both sides can be grounded

Delta – Wye (∆–Y) 30° lag N·√3 :1 (step-up) Generator step-up, transmission Secondary grounded

Wye – Delta (Y–∆) 30° lead N/(√3) :1 (step-down)Distribution substation step-down Primary grounded

Note: Phase shifts are expressed from primary to secondary. Voltage ratios use the transformer turns ratio N (primary :
secondary turns).
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1. Delta – Delta Connection (∆–∆)

Winding Schematic

Primary (∆) Secondary (∆)

Phase A

Phase B

Phase C

Figure 1 — Delta–Delta configuration. Both primary and secondary windings form closed triangular loops. Red = Phase A, Blue =
Phase B, Green = Phase C.

How It Works
In a Delta connection, the three windings are connected end-to-end, forming a closed triangle (loop). Each winding

spans across two line terminals, so the winding voltage equals the line-to-line voltage. In a Delta–Delta transformer,

both primary and secondary follow this pattern.

Because each winding directly sees the full line voltage, the current in each winding is 1/√3 (approximately 57.7%) of

the line current. This is advantageous for high-current, relatively low-voltage applications where winding conductor

size can be reduced.

Key Electrical Characteristics

Parameter Value / Behavior

Phase shift (primary → secondary) 0° (no phase displacement)

Voltage ratio Equal to the turns ratio N

Winding voltage = Line-to-line voltage

Winding current = Line current / √3

Neutral point None (no grounded neutral available)

Third-harmonic currents Circulate within the delta loop (not exported)

Advantages
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• No phase shift between primary and secondary voltages (0°)

• Can operate with one transformer removed in an open-delta (V-V) emergency configuration at
~57.7% capacity

• Third-harmonic currents circulate internally — no harmonic distortion on the line

• Robust against unbalanced loads; each winding independently handles its phase

• No neutral required — simplifies insulation design for high-voltage systems

Disadvantages

• No neutral point available — cannot supply single-phase loads easily

• No path for zero-sequence fault currents — ground fault protection is more complex

• Higher winding currents than Wye for the same KVA at same voltage

• Not suitable when a grounded neutral on the secondary is required by code or system design

Typical Applications

• Industrial plant power distribution (large motors, heavy loads)

• High-voltage transmission systems where no neutral is needed

• Situations requiring open-delta backup capability

• Rectifier and converter transformers
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2. Wye – Wye Connection (Y–Y)

Winding Schematic

N

Primary (Y)

N

Secondary (Y)
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Phase B
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Figure 2 — Wye–Wye configuration. Both windings form a star pattern, connecting at a central neutral point (N). Red = Phase A,
Blue = Phase B, Green = Phase C.

How It Works
In a Wye (Star) connection, one end of each winding is connected together at a common point called the neutral.

The other end of each winding connects to a line terminal. As a result, each winding sees only the phase-to-neutral

voltage (1/√3 of the line-to-line voltage), allowing a thinner insulation and fewer conductor turns for the same line

voltage.

A Wye–Wye transformer has both primary and secondary wound this way. The neutral on either side may be

grounded (solidly or through an impedance) to provide a reference point and fault current path.

Key Electrical Characteristics

Parameter Value / Behavior

Phase shift (primary → secondary) 0° (no phase displacement)

Voltage ratio Equal to the turns ratio N (line-to-neutral)

Winding voltage = Line voltage / √3 (phase-to-neutral)

Winding current = Line current (same as line)

Neutral point Available on both sides; can be grounded

Third-harmonic currents Can cause voltage distortion if neutral not properly managed

Advantages
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• Neutral available on both primary and secondary — ideal for 4-wire systems

• Windings insulated for phase-to-neutral voltage (lower than line-to-line), reducing cost

• Grounding on both sides provides excellent fault current paths and protection

• 0° phase shift — simple to parallel with other Y–Y or ∆–∆ transformers

• Economical for high-voltage, medium-current applications

Disadvantages

• Susceptible to third-harmonic voltage distortion if neutral is ungrounded or floating

• Unbalanced loads can cause neutral voltage displacement (neutral shift), distorting phase
voltages

• Usually requires a delta-connected tertiary winding or zigzag grounding transformer to suppress
harmonics

• Zero-sequence currents can flow between two grounded Y neutrals, complicating protection

Typical Applications

• Utility transmission and sub-transmission (115 kV and above)

• EHV autotransformers (often Y–Y for economy)

• Industrial distribution systems where both ends need a ground reference

• Wind and solar farm collection systems
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3. Delta – Wye Connection (∆–Y)

Winding Schematic

Primary (∆)

N

Secondary (Y)

Phase A

Phase B

Phase C

Figure 3 — Delta–Wye configuration. Primary windings form a closed delta loop; secondary windings connect in a star pattern
with a neutral at center.

How It Works
The Delta–Wye (or ∆–Y) connection is the most widely used transformer configuration worldwide. The primary side

is connected in delta, while the secondary is connected in wye with the neutral typically grounded. This combination

delivers the benefits of both: the delta primary handles harmonic currents internally and does not require grounding,

while the wye secondary provides a stable grounded neutral for loads.

A critical characteristic of the ∆–Y connection is a 30° phase shift (secondary lags primary by 30°). This shift is

inherent to the geometry of the connection and must be accounted for when paralleling transformers or designing

protection schemes.

Voltage Relationships
If the turns ratio is N (primary turns per secondary turns), the line-to-line voltage relationship is:

Relationship Formula

Secondary line voltage V_secondary = V_primary × (1/N) × (1/√3)  ←  step-down

Secondary line voltage (step-up variant) V_secondary = V_primary × (N/1) × √3  ←  step-up

Phase angle Secondary lags primary by 30° (ANSI standard)

Advantages

• Grounded secondary neutral provides a solid reference for loads and ground fault protection
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• Delta primary absorbs third-harmonic currents, preventing their appearance on the secondary

• No neutral grounding needed on primary — simplifies primary switchgear

• Secondary neutral limits voltage rise during single-line-to-ground faults

• Most common utility configuration — well-understood protection and relay coordination

• Ideal for stepping up generation voltage to transmission levels

Disadvantages

• 30° phase shift must be matched when paralleling with other transformers

• Cannot easily parallel with ∆–∆ or Y–Y banks without phase correction

• Ground faults on the delta primary do not produce zero-sequence currents on the primary line —
requires special ground fault detection

• Slightly more complex winding design than single-type (all-delta or all-wye) banks

Typical Applications

• Power plant generator step-up transformers (generation → transmission)

• Distribution substation primary transformers (stepping down from HV to distribution voltage)

• Commercial and industrial facility service entrances

• The global standard for most utility power delivery transformers
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4. Wye – Delta Connection (Y–∆)

Winding Schematic

N

Primary (Y)
Secondary (∆)
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Figure 4 — Wye–Delta configuration. Primary windings connect in a star pattern with a grounded neutral; secondary windings
form a closed delta loop.

How It Works
The Wye–Delta (Y–∆) connection is essentially the mirror image of the ∆–Y. The primary winding is connected in

wye — often with a grounded neutral — and the secondary winding is connected in delta. This configuration is

commonly used for stepping voltage down from a high-voltage transmission or sub-transmission system to a lower

industrial or distribution voltage.

Like the ∆–Y, the Y–∆ connection produces a 30° phase shift between primary and secondary, but by convention

the secondary leads the primary by 30° (ANSI standard for Y–∆ step-down).

Voltage Relationships

Relationship Formula

Secondary line voltage (step-down) V_secondary = V_primary × (1/N) / √3

Phase angle Secondary leads primary by 30° (ANSI Y–∆)

Primary neutral Can be solidly grounded

Secondary neutral Not available (delta secondary)

Advantages

• Grounded primary neutral provides solid ground fault current path on HV side

• Delta secondary suppresses third-harmonic currents from appearing on the output
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• Secondary delta provides inherent open-delta backup operation capability

• Commonly used to reduce voltage from sub-transmission to distribution

• Primary ground path assists relay coordination for HV line protection

Disadvantages

• No neutral available on the secondary — cannot serve 4-wire loads directly

• 30° phase shift complicates paralleling with ∆–∆ or Y–Y banks

• Zero-sequence currents on the primary do not pass to the secondary (delta blocks them)

• If secondary neutral is required, a grounding transformer must be added

Typical Applications

• Substation step-down transformers (sub-transmission to distribution)

• Industrial facilities receiving power at high voltage and distributing at medium voltage

• Situations requiring grounded primary but ungrounded (floating) secondary distribution

• Third-harmonic filtering on the output side of the system
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5. Selection Guide & Summary

Choosing the Right Configuration
The choice of transformer winding configuration depends on several system-level factors. The following questions

help narrow the selection:

Q: Is a secondary grounded neutral required?

→ Choose Y–Y or ∆–Y. A wye secondary always provides a neutral point that can be grounded.

Q: Is harmonic suppression important?

→ Choose a delta on at least one side (∆–∆, ∆–Y, or Y–∆). The closed delta loop traps third-harmonic currents and prevents
them from appearing on the line.

Q: Must the transformer step up voltage significantly?

→ ∆–Y is preferred — the wye secondary multiplies the turns-ratio voltage by √3, providing a built-in voltage boost ideal for
generator step-up applications.

Q: Is zero phase shift needed for paralleling?

→ Use ∆–∆ or Y–Y. These configurations produce no phase shift and can be paralleled without angular correction.

Q: Is the system high-voltage with limited insulation budget?

→ Wye windings are insulated for V_line / √3, reducing insulation cost — favor Y–Y or ∆–Y.

Q: Is open-delta backup capability needed?

→ ∆–∆ or Y–∆ configurations allow removal of one transformer while maintaining service at reduced capacity (~57.7% of
rated KVA).

Full Comparison Summary

Configuration Phase Shift Voltage Ratio Typical Use Grounding

Delta – Delta (∆–∆) 0° N:1 (turns ratio) Industrial, HV-to-HV Neither side grounded

Wye – Wye (Y–Y) 0° N:1 (line-to-neutral) Utility distribution Both sides can be grounded

Delta – Wye (∆–Y) 30° lag N·√3 :1 (step-up) Generator step-up, transmission Secondary grounded

Wye – Delta (Y–∆) 30° lead N/(√3) :1 (step-down)Distribution substation step-down Primary grounded

Important Notes on Phase Shift and Paralleling
ANSI/IEEE standards define transformer vector groups (e.g., Dy1, Yy0, Dy11) that encode the phase shift between

primary and secondary windings. When paralleling two transformers, their vector groups must match — a mismatch

of even 30° will cause large circulating currents that can destroy both units. Always verify vector group compatibility

before placing transformers in parallel.

∆–Y and Y–∆ configurations both introduce a 30° phase shift, which means they cannot be directly paralleled with

∆–∆ or Y–Y units without interposing a phase-correcting transformer. In utility practice, all transformers in a

substation bank are specified with the same vector group for this reason.
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Key Takeaway: The Delta–Wye (∆–Y) configuration dominates utility and industrial power systems
because it combines the harmonic-suppression benefit of the delta primary with the grounded-neutral
utility of the wye secondary. However, the best configuration always depends on the specific voltage,
grounding, harmonic, protection, and load requirements of the application.


